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Fore-word 


IHE  rapid  evolution  of  constructive  methods  in  recent 
years,  as  illustrated  in  the  use  of  steel  and  concrete, 
and  the  increased  size  and  complexity  of  buildings, 
has  created  the  necessity  for  an  authority  which  shall 
embody  accumulated  experience  and  approved  practice  along  a 
variety  of  correlated  lines.  The  Cyclopedia  of  Architecture, 
Carpentry,  and  Building  is  designed  to  fill  this  acknowledged 
need. 

C  There  is  no  industry  that  compares  with  Building  in  the 
close  interdependence  of  its  subsidiary  trades.  The  Architect, 
for  example,  who  knows  nothing  of  Steel  or  Concrete  con- 
struction is  today  as  much  out  of  place  on  important  work  as 
the  Contractor  who  cannot  make  intelligent  estimates,  or  who 
understands  nothing  of  his  legal  rights  and  responsibilities.  A 
carpenter  must  now  know  something  of  Masonry,  Electric  Wiring, 
and,  in  fact,  all  other  trades  employed  in  the  erection  of  a  build- 
ing; and  the  same  is  true  of  all  the  craftsmen  whose  handiwork 
will  enter  into  the  completed  structure. 

C  Neither  pains  nor  expense  have  been  spared  to  make  the 
present  work  the  most  comprehensive  and  authoritative  on  the 
subject  of  Building  and  its  allied  industries.  The  aim  has  been, 
not  merely  to  create  a  work  which  will  appeal  to  the  trained 
expert,  but  one  that  will  commend  itself  also  to  the  beginner 
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and  the  self-taught,  practical  man  by  giving  him  a  working 
knowledge  of  the  principles  and  methods,  not  only  of  his  own 
particular  trade,  but  of  all  other  branches  of  the  Building  Indus- 
try as  well.  The  various  sections  have  been  prepared  especially 
for  home  study,  each  written  by  an  acknowledged  authority  on 
the  subject.  The  arrangement  of  matter  is  such  as  to  carry  the 
student  forward  by  easy  stages.  Series  of  review  questions  are 
inserted  in  each  volume,  enabling  the  reader  to  test  his  knowl- 
edge  and  make  it  a  permanent  possession.  The  illustrations 
have  been  selected  with  unusual  care  to  elucidate  the  text. 

C  The  work  will  be  found  to  cover  many  important  topics  on 
which  little  information  has  heretofore  been  available.  This  is 
especially  apparent  in  such  sections  as  those  on  Steel  Construc- 
tion; Reinforced  Concrete  Construction;  Building  Superintend- 
ence; Estimating;  Contracts  and  Specifications,  including  the 
principles  and  methods  of  awarding  and  executing  Government 
contracts;  and  Building  Law. 

C  In  conclusion,  grateful  acknowledgment  is  due  the  staff  of 
authors  and  collaborators,  without  whose  hearty  co-operation 
this  work  would  have  been  impossible. 
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UNDERWRITERS'  REQUIRE- 
MENTS 


INTRODUCTION 

The  insurance  interests  are  concerned  with  dectric  vtH-k  only 
for  the  reason  that  such  work  if  done  improperly  constitutes  a  Ere 
hazard,  and  underwriters'  rules  on  electrical  installations  are,  there- 
toK,  confined  to  such  questions  as  concern  proper  methods  and 
materials  to  be  employed  to  minimize  the  chance  of  fire  arising  from 
the  use  of  electricity  for  light,  heat,  and  power.  Electricity  as 
employed  for  signaliog  work,  such  as  telegraphs,  telephones,  call 
betls,  burglar  alarms,  and  similar  purposes,  is  not  covered  by  in- 
surance rules  except  in  so  far  as  such  installations  may  become  dan- 
gerous because  of  the  liability  of  nires  in  such  systems  becoming 
crossed  with  electric  light,  heat,  or  power  circuits. 

The  many  applications  of  electricity  for  municipal  fire-alarm 
s^'^tems,  factory  or  isolated  plant  fire  alarms,  watchman's  time- 
recording  appliances,  and  automatic  alarms  employing  electric 
thermostats,  are  not  covered  by  the  general  rules  for  electric  work. 
•  They  do  not  in  general  tend  to  cause  a  fire  hazard  of  themselves 
but  come  rather  under  the  head  of  protective  devices  and  the  dis- 
cussion of  them  does  not,  therefore,  come  within  the  scope  of  this 
paper. 

The  earlier  installations  of  electrical  lighting  and  power  ap- 
pliances were  very  crude  and  were  often  made  with  no  considera- 
tion of  what  are  now  generally  admitted  to  be  questions  of  great 
importance  from  the  viewpoint  of  fire  protection.  It  was  natural 
that  experience  should  have  been  necessar\'  to  demonstrate  the 
need  of  protection  against  unreliable  or  hazardous  methods  of  apply- 
ing electricity  and  to  develop  improved  materials  and  devices, 
The  comparatively  mysterious  nature  of  electricity  as  \iewed  by 
the  general  public  led  at  first  to  a  habit,  not  yet  wholly  outgrowQ, 
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of  attributing  to  electrical  causes  all  fires  for  which  no  other  cause 
was  readily  apparent.  Today,  however,  the  (»rodiiction  of  light 
and  the  transmission  of  power  are  without  question  accomplished 
more  safely  as  well  as  more  conveniently  and  economically  by 
electricity  than  by  any  other  means. 

In  judging  electrical  work  as  affecting  the  fire  hazard,  the  fire- 
protection  engineer  and  underwTiters  cannot  undertake  to  do  for 
the  assured,  the  work  which  lies  within  the  province  of  the  electrical 
engineer  on  whom  properly  falls  the  responsibility  of  designing 
installations  and  choosing  tlie  methods  and  materials  to  be  used 
to  accomplish  the  results  desired.  In  electrical,  as  in  other  engineer- 
ing, considerations  of  first  cost,  economy  of  operation  and  main- 
tenance, efficiency  of  machinery  and  appliances,  depreciation,  and 
reliability  are  of  prime  imimrtance.  It  is  the  proper  function  of  the 
fire-protection  engineer  to  act  as  critic  of  the  jilans  and  their  execu- 
tion in  order  tliat  other  considerations  invoh'ed  sliall  not  be  allowed 
to  dictate  methods  nliich  do  not  afford  suitable  and  reasonably 
safe  fire  conditions.  Electrical  engineering  is  fur  t(X)  complicated 
a  profession  to  be  fully  masterc<l  by  tlie  fire-protection  engineer 
or  by  an  inspector,  but  the  general  princi]>lcs  of  safe  electrical  work 
can  be  mastered  and  applied  without  presuming  to  encroach  on  the 
work  of  either  the  consulting  or  the  installing  engineers. 

Architects  art;  now  \'er\'  generally  prcparcil  to  recognize  the 
necessity  of  providing  in  their  i>lans  for  the  electrical  installations 
which  in  more  elalwratc  buildings  nuist  be  given  very  careful  atten- 
tion if  adequate  provision  is  to  Iw  made  for  electric  wires  and  ap- 
pliances. It  is  in  the  smaller  and  less  carefully  planned  structures, 
that  the  electric  work  is  most  likely  to  be  left  to  the  installers  to  be 
put  in  as  best  it  may,  A  well  considered  plan  adapted  to  the  type 
of  building  and  the  uses  to  be  made  of  current  is  an  essential  to 
successful  and  safe  work.  ^Makeshifts  are  usually  dangerous.  For 
this  reason,  also,  it  is  often  much  more'  difficult  to  secure  proper 
electrical  work  in  wiring  old  buildings  than  new  ones. 

Electrical  contractors  are  usually  willing  to  do  good  work  for 
a  fair  price  and  most  poor  work  is  due  to  an  attempt  to  secure  busi- 
ness at  too  low  rates  in  order  to  meet  competition.  Since  a  faulty 
OT  dangerous  electrical  installation  may  perform  its  appointed  work, 
and  since  electrical  defects  are  not  easily  discovered,  often  develop- 
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ing  after  some  time,  only  thoroughly  good  work  from  the  start 
affords  real  protection  against  disastrous  failure  from  causes  which, 
after  a  fire,  may  be  very  difficult  to  assign  but  which  might  have 
been  easily  foreseen  and  removed. 

Electrical  inspectors  either  of  the  underwriters  or  of  the  munic- 
ipality should  be  fully  acquainted  with  approved  methods,  rules, 
reasons  for  rules,  and  must  have  a  great  range  of  practical  knowl- 
edge which  only  actual  field  experience  can  give;  and  such  inspectors 
must  be  specialists  of  a  high  order.  The  fire-protection  engineer 
must  refer  to  such  specialists  the  technical  details  while  undertaking 
himself  to  be  a  competent  judge  of  general  methods  and  principles. 

Electricity  as  a  Cause  of  Fires.  Electricity  may  in  general  be 
the  cause  of  a  fire  in  either  one  or  both  of  the  following  ways: 

Firai:  By  causing  wires,  cables  or  other  conductors  to  be 
overheated  by  the  passage  of  the  "electric  current,"  thereby  setting 
fire  to  the  insulations  on  such  conductors  or  to  nearby  combustible 
materials.  All  conductors  are  heated  by  any  current  however  small, 
but  if  the  conductor  is  badly  overloaded  it  may  become  red-  or 
even  white-hot.  Hence  it  becomes  necessary  to  prescribe  the'  safe 
carrying-capacity  of  wires,  and  all  conducting  parts  of  electric 
appliances  must  be  properly  proportioned.  Such  parts  as  are  pecu- 
liarly liable  to  become  heated  or  which  must  be  heated  to  perform 
their  proper  function  must  be  suitably  protected  and  separated 
under  all  circumstances  from  materials  which  might  be  ignited. 

Fuses,  circuit  breakers,  and  other  automatic  appliances  have 
to  be  installed  to  afford  protection  in  case  of  accidents  which  may 
result  in  conductors  or  other  devices  being  overheated  by  abnormally 
large  currents.  Such  protective  devices  may  themselves  becoine 
dangerous  and  the  rules,  therefore,  prescribe  carefully  how  they 
must  be  constructed  and  installed.  Overheating  of  conductors  is 
thus  one  of  the  two  general  ways  in  which  electricity  may  cause  a 
fire  and  provisions  against  such  accidents,  therefore,  form  an  im- 
portant part  of  the  rules. 

Second:  Electricity  may  form  "arcs."  An  arc  is  the  visible 
evidence  that  the  current  is  passing  from  one  conductor  to  another 
or  across  a  break  or  gap  through  the  air  or  over  the  surface  of  an 
insulating  material.  An  arc  always  causes  heat  and  if  any  appreciable 
current  passes,  the  arc  will  be  very  hot  and  if  continued  is  capable 
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of  melting  the  adjacent  metal  at  the  gap  or  setting  fire  to  any  com- 
bustible matter  near  bj'.  It,  therefore,  becomes  necessary  to  pre- 
scribe rules,  the  observance  of  which  tends  to  lessen  the  chance  of 
accidental  arcs  being  established,  and  to  so  locate  all  appliances,  the 
operation  of  which  produces  arcs,  that  no  harm  will  result.  Switches, 
circuit  breakers,  and  fuses  are  all  "arcing"  devices.  The  problem 
of  insulation,  spacing  between  conductors  and  excellence  in  materials, 
methods  of  Installation  and  workmanship,  all  have  to  do  chiefly 
,  with  the  prevention  of  accidental  or  dangerous  arcs. 
I  From  the  viewpoint  of  fire  hazard,  it  is  well  to  treat  all  con- 
ductors, however  well  insulated,  as  bare,  and  to  proceed  to  furnish 
adequate  protection  against  grounds  or  short-circuits  on  that  basis. 

In  judging  of  installations  it  must  constantly  be  kept  in  mind 
that  conditions  are  liable  to  become  worse  rather  than  better  after 
the  wiring  and  appliances  have  been  in  use  for  some  time.  Require- 
ments are,  therefore,  made  to  anticipate  in  part  such  deterioration 
as  is  ine\-itable  in  even  the  best  equipment'^,  and  which  may  be  sur- 
prisingly rapid  when  inferior  materials  are  put  in  by  careless  work- 
men and  used  and  abused  b\'  those  having  little  or  no  understantUng 
of  electrical  affairs  and  no  apjireciation  of  the  hazards  involved. 

The  following  arc  tlie  chief  general  requisites  for  a  safe  electrical 
installation:  Excellence  of  material;  simplicity  in  design  so  far  as 
compatible  with  the  results  to  l)e  secured;  ease  of  insi>ection  and 
repairs  of  all  wiring  and  ajipliantes ;  thoroughly  good  mechanical 
execution  of  the  work;  the  choice  wher».>\-er  possible  of  the  more 
protected  and  safer  forms  of  wiring;  and  the  use  of  "approved 
fittings."  No  rules  can  take  the  place  of  good  designing  nor  will 
perfunctory  obedience  of  rules  make  a  poorly  executed  job,  safe. 
The  architect,  the  owner,  the  manufacturer  of  dc\-ices  and  materials, 
the  electrical  contractor,  the  eleetriciiiiis  who  install  and  those  who 
operate  the  plant — each  and  all  must  share  the  responsibility  with 
the  insurance  and  the  municipal  inspector. 

Elementary  Electrical  Ideas  and  Terms.  Electric  power  may 
be  transmitted  by  either  direct  or  alternating  current. 

Direct  Current.  Direct  current  Is  current  of  such  character 
that  what  is  usually  called  the  "direction"  of  the  current  Is  always 
the  same,  or,  more  exactly,  the  magnetic  effects  of  the  current  are 
not  being  reversed  from  instant  to  instant.    If  a  small  compass  be 
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held  near  a  wire  carrj-ing  direct  current,  the  needle  may  be  caused 
to  turn  away  from  its  natural  north  and  south  line.  Thus  in  Fig. 
1 ,  if  i>  is  a  direct-current  generator  connected  to  a  wire  from  south  to 
north,  a  compass  needle  over  the  wire,  before  the  switch  T  is  closed, 
will  point  along  the  wire;  when  the  switch  is  closed,  if  current  flows 
as  shown  by  the  small  arrows  on  the  wire,  the  needle  will  turn  as 
shown.  The  amount  it  will  turn  is  an  indication  of  the  amount  of 
current,  but  the  needle  will  remain  stationary'  in  its  new  position 
if  the  current  is  direct  current.  A  battery  gives  direct  current  and 
so  does  a  direct-current  generator. 

AUemating  Cuneni.  If,  however,  the  current  came  from  an 
alternating-current  generator  or  from  a  transformer  supplied  by  such 
a  generator,  the  needle  would  tend  to  swing  very  rapidly  first  to  one 
side  of  the  wire,  and  then  to  the  other.  This  would  also  be  the  case 
if  the  connections  on  the 
direct -current  machine,  Fig. 
1,  were  rapidly  exchanged 
■back  and  forth.  Such  re- 
versals of  current  direction 
are  made  automatically  by 
an  alternating-current  gen- 
erator. The  number  of 
changes  per  second  is  called 
the  frequency  and  25,  60, 
and  135  are  the  commonest 
commercial  frequencies  of 
alternators.  Evidently  no 
compass  needle  could  actually  vibrate  so  fast,  but  it  tends  to  do  so, 
and  the  result  is  that  the  needle  does  not  appear  to  be  affected  by 
the  alternating  current. 

Both  direct-  and  alternating-current  systems  are  in  common  use 
for  light  and  power.  Street  railways  use  at  present  chiefly  direct- 
current  systems,  ^\^le^e  power  must  be  conveyed  to  considerable 
distances,  alternating  current  is  used  because  it  is  more  economical 
under  these  conditions.  Different  motors  and  somewhat  different  arc 
lamps  are  required  for  direct  and  for  alternating  circuits.  Incandes- 
cent lamps  are  the  same  for  either  system  as  are  also  most  lieating  de- 
vices.  Transformers  can  be  used  only  on  alternating-curreut  systems. 
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The  distinction  Taetween  direct  and  alternating  current  is  not 
one  which  has  man,\'  important  consequences  in  the  safeguarding  of 
electrical  work.  There  are,  however,  a  few  important  cases  where 
different  rules  are  established.  It  should  be  remembered  that  direct 
and  alternating  currents  of  the  same  strength  produce  the  same 
heating  effect  in  a  given  conductor.  In  some  cases,  however,  with 
alternating  currents  an  additional  heat  effect  is  produced  in  certain 
appliances  by  the  magnetic  action  of  Iron  cores,  of  coils,  or  other  parts 
of  the  apparatus.  In  general,  alternating  current  produces  less 
severe  and  persistent  arcs  than  direct  current  of  the  same  strength 
and  voltage.  Furthermore,  alternating-current  motors  in  particular 
are  somewhat  less  liable  to  emit  sparks  and,  therefore,  have  a  certain 
advantage.  As  a  whole,  however,  no  distinction  may  be  made  as 
regards  fire  hazanl  between  direct-  and  alternating-current  installa- 
tions which  should  be  made  with  the  same  care  in  workmanship 
and  with  the  same  precautions  as  to  insulations,  fuses,  and  all  pro- 
tective devices. 

Current.  Currciit  is  measured  in  amix-rrs.  It  may  be  com- 
pared to  the  numl)er  of  "gallons  j>er  minute"  curried  by  a  water  pipe 
through  which  a  stream  is  flowing.  More  "<-urrent"  will,  other 
conditions  being  eciiiat,  do  more  work,  and  will  always  cause  more 
heat  in  the  conducting  wires  and  cables  and  in  the  api>liances,  lamps, 
heaters,  resistances,  motors  and  the  like  which  use  the  current. 
Furthermore,  the  heating  effect  in  conductors  such  as  metals  varies 
with  "the  square  of  the  current,"  !.  c,  if  one  unit  of  current  pro- 
duces a  certain  amoinit  of  heat  in  a  wire,  liciee  as  much  current  will 
cause  four  times  as  much  heat  in  the  same  wire,  Ihrec  times  the  current 
will  cause  nine  times  the  heat  an<l  so  on.  An  instrument  for  measur- 
ing current  is  called  an  ammeter. 

Note.  The  heat  liberated  is  a  measure  of  energy  or  power  consumed 
in  the  wire.  The  li-m iH-ralure  of  the  wire  will  not  necessarily  follow  the  rule 
given  above,  this  being  dependent  not  only  u|)on  the  heat  developed  but 
abo  upon  the  surroundings  of  the  wire  us  alTeeting  the  readiness  with  which 
the  heat  may  be  radiated  or  otherwise  gotten  rid  of. 

Voltage.  Voltage  or  potential  is  measured  in  \olts.  Volts 
measure  the  pro]>ulsive  force  which  causes  "current"  to  flow  through 
a  conductor.  It  may  be  thought  of  as  an  electric  prcssurt;  ])ro<IiiceiI 
by  the  dynamo,  battery,  (»r  other  generator  of  electricity.    Tlirough 
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a  pven  circuit  a  higher  voltage  will  in  general  cause  a  proportionally 
greater  current.  Since  it  is  the  voltage  which  may  cause  electricity 
to  pass  from  its  proper  path  and  seek  other  and  perhaps  dangerous 
paths,  higher  voltages  require  better  insulation  on  wires  and  in  all 
electrical  appliances.  The  voltage  used  thus  becomes  an  important 
factor  in  determining  the  protection  necessary  for  safety. 

Difference  of  Potential.  Two  points,  as  on  conductors  or  be- 
tween a  conductor  and  the  earth,  are  said  to  be  at  different  potentiaU. 
When  such  an  electrical  condition  exists  on  them  a  current  tends  to 
pass  between  them  either  along  the  conductor  or  across  a  gap  be- 
tween the  points.  Along  the  conductor  such  a  current  produces 
heat,  while  if  the  current  "jumps  the  gap"  or  arcs,  heat  is  produced 
in  the  spark  or  arc  formed. 

Resistance.  Resistance  is  measured  in  ohms.  All  substances 
offer  resistance  to  the  passage  of  current.  This  is  true  of  metals, 
liquids,  and  gases.  A  good  conductor,  such  as  copper,  has  com- 
parativelj'  little  resistance.  Other  materials,  such  as  slate,  porce- 
lain, and  rubber,  are  \ery  poor  conductors  and  may  generally  be 
considered  as  insulators.  Since  heat  is  always  produced,  the  con- 
ductors must  be  of  suitable  slue  and  material  to  keep  the  tempera- 
tures below  the  dangerous  values,  or,  in  cases  where  the  heat  is  the 
result  desired,  suitable  ])rotection  must  be  provided.  The  resistance 
of  conductors  is  thus  a  necessary  but  undesirable  property  in  some 
ways  and  a  usable  and  valuable  property  in  others.  In  all  cases 
the  fact  that  current  produces  heat  in  conductors  must  be  reckoned 
with  in  electrical  problems. 

The  loss  of  power  from  the  heat  expended  in  a  supply  wire  is  an 
illustration  of  the  undesired  property  of  resistance.  The  electric 
flatiron  is  an  appliance  where  the  resistance  produces  a  useful  result. 

Ohm's  Late.  For  our  purpose  here  the  relation  between  cur- 
rent, voltage,  and  resistance  in  a  direct-current  circuit  may  be  stated 
as  follows:    The  current  (amperes)  in  a  circuit  equals  the  voltage 

K 
(volts)  divided  by  the  resistance  (ohms),  or  /=  -    ■   This  is  true  both 

of  entire  cu-euits  and  parts  of  circuits,  provided  E  and  R  are  the 
voltage  and  resistance  of  the  whole  circuit  or  the  part  under  con- 
sideration, re5pectivel\-.  For  a.  c.  circuits  a  somewhat  more  elaborate 
formula  must  be  used. 
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Power.  Power  is  measured  in  watts.  (A  kilowatt  is  1,000  watts.) 
In  direct-current  circuits  the  power  expended  in  any  portion  of  the 
circuit  is  obtained  by  multiplying  the  current  in  amperes  by  the 


voltage  across  the  portion  of  the  circuit.  Thus:  If  the  current  in 
an  incandescent  lamp  is  j  ampere  and  if  a  voltmeter  shows  that  the 
voltage  across  the  lamp  terminals  is  110  volts,  the  power  is  55  watts. 


u 


The  corresponding  mechanical  term  is  hor,se-iM>\ver;  1  horse-power 
is  equivalent  to  74(3  watts  and  1  kilowatt  eqnals  about  1^  horse- 
power.   With  alternating  current  the  power  in  watts  is  not  always 


to  be  obtained  by  raultiplyiiifj  amperes  by  volts.    Witb  alternating 
currents,  a  third  factor  must  lie  used,  callcil  the  "power  factor"  of 
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the  circuit.  It  is  sufficient  for  our  purpose  here  to  remember  that 
the  power  actually  delivered  and  used  with  alternating  current 
jnay  be  less  than  the  simple  product  of  amperes  and  volts.    Thus, 


L_ 


ingle-Pgle  Swi 


if  a  current  of  50  amperes  as  read  by  an  ammeter,  passes  through 
a  coil  of  wire,  and  the  voltage  across  the  terminals  of  the  coil  is  100 
volts,  the  power  consumed,  if  the  current  is  direct,  is  50X100=5,000 
watts  or  5  kilowatts.  If,  however,  the  coil  surrounds  an  iron  core 
(as  in  an  electromagnet)  and  alternating  current  is  used,  the  power 
consumed  will  not  be  5  kilowatts.  The  power  factor  may  be  60 
per  cent  for  this  coil,  and  the  power  consumed  will  then  be  50X  lOOX 
.60=3,000  watts  or  3  kilowatts,  instead  of  5  kilowatts.  The  follow- 
ing definitions  will  be  useful  to  those  unfamiliar  with  electrical  terms. 
Multiple  Connection.  When  a  number  of  devices  such  as  lamps, 
motors,  etc.,  are  so  connected  that  the  current  has  a  path  through 


each  device  separately  from  one  supply  wire  to  another,  they  are 
said  to  be  connected  in  multiple.  Sec  l*"ig.  2.  Incandescent  lamps 
are  almost  always  connected  in  multiple.  In  Fig.  2  if  each  of  the 
7  lamps  shown  takes  1  ampere  of  current  the  total  current  at  A 
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and  at  B  will  be  7  amperes,  while  at  C  and  at  D  it  will  be  2  amperes. 
Series  Connection.  When  a  number  of  devices  are  so  connected 
that  they  come  one  after  another,  they  are  said  to  be  connected 
"in  series."  In  Fig,  3,  the  arc  lamps  are  shown  so  connected.  In 
this  case  the  same  current  traverses  all  parts  of  the  circuit  and  the 


total  current  is  no  more  and  no  less  than  the  current  in  each  con- 
nected series  device. 

Skuni.  A  shunt  is  a  by-path  between  two  points  so  connected 
that  part  of  the  (-urrent  will  traverse  it.  The  division  of  the  total 
current  betwet;n  the  main  i)ath  and  the  shunt  will  depend  on  the 
comparative  resistances,  the  larger  current  going  l)\-  the  path  of 
lower  resistanw.  In  Kig.  4  are  shown  the  connections  of  a  "shunt 
motor"  and  resistance  box  "shunted"  by  u  wire. 
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CvirOut.,  A  cut-out  is  a  device  for  automatically  breaking  a 
circuit,  usually  when  the  current  reaches  a  predetermined  value. 
Thus,  a  60-ampere  fuse  is  a  cut-out  designed  to  burn  out  when 
currents  in  excess  of  60  amperes  pass  through  it.  A  circuit  breaker 
is  an  electro-mechanical  switch  which  is  also  used  as  a  cut-out. 

Switches,  fuses  and  other  appliances  are  said  to  be  single-pole  if 
they  are  for  but  one  wire  of  a  circuit;  double-pole  if  for  two,  triple-pole 
if  for  three.    Fig.  5  shows  a  single-pole  switch  and  a  double-pole  fuse. 


Ground.  A  ground  is  a  connection  cither  intentional  or  accidental 
between  a  part  of  an  electric  circuit  and  the  earth,  or  any  metal  or 
other  conducting  substances  which  are  in  electrical  connection  with 
the  earth,  such  as  water  and  gas  pipes,  iron  beams,  etc. 

Short-Circuit.  A  short-circuit  is  a  connection  which  permits 
■current  to  flow  from  one  part  of  a  circuit  to  another  by  any  path 
which  it  is  not  intended  it  should  take.  Since  such  a  connection  is 
the  result  of  accident  or  the  failure  of  some  insulation,  and  since  it 
usually  allows  excessive  currents  to  flow,  a  short-circuit  may  be 
very  dangerous  and  liable  to  cause  a  fire,  especially  as  the  accidental 
connection  may  afford  very  poor  contact  and  cause  arcing  and 
burning  at  the  junction  of  the  conductors.  Fig.  G  illustrates  a  short- 
circuit  in  a  floor  between  the  two  sujjplj-  wires  to  a  chandelier  in- 
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stalled  on  the  ceiling  below.     The  effect  of  this  short-circuit  is  shown 
in  Fig.  7.    Fig.  8  is  from  a  photograph  of  an  arc  produced  by  a  250- 


volt,  10  ampere  current  between  two  wires  which  were  toucheti 
together  at  a  point  where  the  insulation  had  been  destroyed. 

Constant-Potential  System.  A  constant-potential  system  is  one 
in  which  the  voltage  between  the  main  supply  wires  is  approximately 
the  same  at  all  points.     Such  a  system  is  supplied  by  a  constant- 


potential  generator,  which  is  of  a  character  to  furnish  greater  current 
us  more  devices,  lamps,  motors,  etc.,  are  put  into  use.     Most  in- 
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a  Three- Wire  Circi 


candescent-lamp,  motor-  and  street-railway  circuits  are  of  this  type 
and  also  many  arc-lamp  circuits.  Fig.  9  shows  such  a  110-volt 
system  and  if  the  distributing  ^^ 

wires  are  properly  chosen  the  ^ 

voltmeters  at  the  points  A,  B 
and  C  will  all  read  approxi- 
mately 110  volts.  Devices  on 
such  currents  are  connected 
in  multiple. 

Constant-Current  System. 
A  constant-current  system  is 
one  in  which  the  current  is 
automatically  maintained  approximately  the  same  regardless  of  the 
number  and  character  of  the  power-consuming  devices  in  use  on  the 
circuit.  Devices,  usually  arc  lamps,are  connected  in  series  and  the  gen- 
erator is  of  a  type  which  automatically  increases  the  voltage  or  electric 
pressure  as  more  lamps  are  turned  on.  Fig.  3  shows  such  a  circuit  and 
Fig.  10  is  a  picture  of  a  generator  used  for  series  arc-lamp  work. 

Tuo-Wire  System.  A  two-wire  system  is  one  having  a  single 
pair  of  distributing  wires. 

Three-Wire  System.  A  three-wire  system  is  a  special  form  of  a 
multiple  system  usually  emploj'ing  two  generators.  Fig.  11  shows 
such  a  system  with  two-wire  branches  to  incandescent  lamps. 

Tra?2sformers.  The  chief  advantage  of  alternating  over  direct 
current  lies  in  the  fact  that  electric  power  can  by  alternating 


B' 


Fig.  12,     DUerBm  at  Two  Typca  of  Tratufurnier 

current  be  transmitted  at  a  high  voltage  from  the  generating  station 
to  the  point  where  the  power  is  to  be  used,  and  there  transformed 
with  small  loss  to  a  voltage  better  suited  to  motors  and  lamps. 

It  is  far  more  economical  to  transmit  power  at  high  voltages. 
It  can  be  shown  by  electrical  theory  that  by  using  twice  as  high 
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voltage,  a  wire  only  one-fourth  as  large  is  needed  to  transmit  a  given 
amount  of  power  with  the  same  percentage  of  loss  on  the  trans- 
mission line.  It  should  be  remembered  that  if  the  voltage  is  doubled 
the  current  need  be  only  half 
as  great  in  order  to  have  the 
power  delivered  the  same. 
But  half  as  much  current 
heats  the  wire  which  carries 
it  only  one-quarter  as  much 
and,  since  the  heat  dissipated 
on  the  wire  is  lost  power,  it 
is  evident  that  economy  re- 
quires that  transmission  of 
electric  power  be  accomplish- 
ed by  high  voltage  and  rela- 
tively small  currents  rather 
than  the  reverse.  Thus  it 
may  be  commercially  possi- 
ble to  utilize  a  water  power 
at  a  distance  from  a  city  to 
make  high  -  voltage  current 
which  can  economically  be 
transmitted  to  the  city  over 
a  line  of  rather  small  copper 
wires.  It  would  never  do, 
however,  to  carry  this  high- 
voltage  current  into  buildings 
on  account  of  the  great  fire 
risk  invoh'cd,  for  the  insula- 
tions in  wiring  cannot  be  made  safe  for  high  voltages.  With  direct 
current  there  is  no  very  economical  way  to  change  a  small  current 
at  high  voltage  into  a  larger  current  at  a  lower  and  safer  voltage. 
With  alternating  current,  however,  this  can  be  done  very  readily 
by  means  of  a  "transformer,"  a  device  which  consists  in  its  simplest 
form  of  two  entirely  separate  coils  of  wire  wound  on  the  same  iron 
core;  in  fact,  a  sort  of  double-<»il  magnet. 

Fig.  12  shows  two  shapes  which  a  transformer  may  take.     In 
each  diagram  suppose  an  alternating  current  at  2,200  volts  and  1 
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ampere  is  supplied  to  one  coil  of  100  turns.    Then  a  current  of  220 

volts  and  10  amperes  will  be  induced  in  the  other  coil  which  has  but 

10  turns,  that  is,  the  voltage  will  be  "stepped  down"  in  the  same 

ratio  as  the  number  of  turns  on  the  primary  (power-supply)  coil  and 

secondary  (power-using)  coil,  and  if  there  were  no  power  loss  in  the 

transformer  itself,  the  current  would  be  multiplied  by  the  same  ratio 

inverted.    In  the  case  illustrated  there  are  one-tenth  as  many  turns 

in  the  secondary  coil  as  in  the  primary  and,  therefore,  the  secondary  , 

2200X1 
voltage  will  be  — tt — =220  volts,  and  the  secondarj-  current  will  be 

approximately  ten  amperes  for  every  ampere  supplied  to  the  primary. 
If  the  power  were  supplied  to 
the  coil  of  the  transformer 
having  few  turns,  and  used 
by  the  current  induced  in  the 
coil  having  more  turns,  we 
should  have  a  "step-up"  in- 
stead of  "step-down"  trans- 
former. 

It  should  be  especially 
noted  that  the  action  of  a 
transformer  depends  wholly 
on  the  principle  .that  the 
rapid  changes  and  reversals 
of  current  in  one  coil  will 
induce  currents  in  the  other 
coil-  Alternating  currents  are 
rapidly  and  systematically 
changing  and  reversing  cur- 
rents, and  thus  transformers 
can  be  used  to  change  the  voltage  and  currents  in  a.  c.  circuits. 
Direct  currents  do  not  change  in  amount  and  direction  and,  there- 
fore, transformers  cannot  be  used  at  all  on  direct  current. 

Figs.  13  and  14  show  the  interior  and  exterior  views  of  a  small 
transformer  of  a  type  used  for  incandescent  lighting.  The  ease  is 
designed  to  be  filled  with  oil.  Transformers  are  constructed  of  all 
sizes  up  to  very  large  units,  and  are  cooled  either  by  air,  air  blast, 
oil,  or  by  forced  circulation  of  oil  through  the  windings  and  core. 
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'.',"'(-_:  r-j^i-  circuit.  Fig. 
e-rhsre  circuit  which  in- 
:-.::-.e-er  .1  and  voltmeter 
i-ii'f  1  ar.ii  fingle-phaae 
:'  7  i:.:r.:ir.f.  both  incan- 

•.v.':: :~  tailed  thrtt-phate, 
.  T:-.e  e>?ential  parts  of 
::  -nL"  bt  noted  that  the 
r.,i*  TV-Tce  wires  and  the 
T:,  i-,r.d  three  in  the  s«c- 
.-.-.r  ■  :  w>e<  carries  what 
.-LTrt:.:  which  ^■aries  in 
..;.\:r.;i::i:  current  in  each- 


:av.*#  ot  time.    Such 
,wer,  with  what  are 
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Alternating-current  dynamos  and  transformers  are  constructed 
and  connected  in  several  ways  which  differ  in  regard  to  the  number 
of  partially  independent  circuits  which  they  supply.  An  a.  c.  circuit 
in  which  there  are  but  two  wires  from  the  generator  to  the  trans-' 


.Bar  W  INSINE 
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^ 
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Fig.  13.     Diagram  ol  Singte-Phasc  Light  and  Power  Circuit 

former  or  to  lamps  or  motors  is  called  a  single-phase  circuit.  Kg. 
15  shows  the  path  of  the  current  in  a  single-phase  circuit  which  in- 
cludes a  generator  G,  switchboard  with  ammeter  A  and  voltmeter 
V,  transformers  TT  supplying  power  to  lamps  L  and  single-phase 
motor  M.  Single-phase  circuits  are  used  for  lighting,  both  incan- 
descent and  arc,  and  for  power. 

The  other  most  common  type  of  a.  c.  circuit  is  called  three-phase, 
and  is  also  used  both  for  light  and  power.  The  essential  parts  of 
such  a  system  are  shown  in  Fig.  1()  where  it  will  be  noted  that  the 
dynamo  has  three  slip  rings,  the  circuit  has  three  wires  and  the 
transformer  has  three  coils  in  the  primary  Ti,  and  three  in  the  sec- 
ondary Ti.  In  a  three-phase  circuit  each  pair  of  wires  carries  what 
may  be  considered  a  separate  alternating  current  which  varies  in 
each  pair  in  regular  cycles,  so  that  the  maximum  current  in  each- 


phase  or  pair  of  wires  is  reached  at  different  instants  of  time.  Such 
circuits  are  very  widel\-  used,  especially  for  power,  with  what  are 
known  as  three-phase  induction  motors. 
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Essential  Parts  of  Electric  Installations.  For  the  general  pur- 
poses of  this  book  the  essential  parts  of  electric  installations  are  as 
follows: 

Generators.  Generators  include  all  dynamos  and  storage 
batteries.  These  present  the  hazards  inherent  in  all  machines  of 
any  sort  which  produce  or  t'ansfonn  large  amounts  of  power. 

Cables.  Cables  and  wires  used  for  transmitting  electric  power 
are  of  concern  from  a  fire  viewpoint  because  of  the  possibility  of 
their  becoming  overheated  by  the  current,  and  because  failure  of 
the  means  provided  to  confine  the  electric  current  to  them,  namely, 
insulation,  may  ^ve  rise  to  arcs,  t.  e.,  flames  from  powerful  electric 
sparks  or  discharges.  The  rules  for  safe  wiring,  therefore,  are  de- 
signed to  limit  currents  on  wires 
to  safe  values  and  to  insure  in- 
tegrity and  reliability  in  the  in- 
sulations employed. 

Closely  associated  with  the 
conducting  wires  and  cables  are 
those  devices  which  serve  to  reg- 
ulate the  amounts  of  current,  to 
open  and  close  electric  circuits, 
or  to  change  the  characteristics 
of  currents  at  or  near  the  appa- 
ratus utilizing  the  power.  Of 
this  sort  are  rheosiats,  switches, 

toUage-regiiiaiOTS,  motor-getwrator  sets,  rectifiers,  and  the  very  c 
aUemating-cwrrent  transformer.  All  these  must  have  suitable  insula- 
tion and  mechanical  protection,  and  there  must  be  due  protection 
from  the  heat  or  arcs  which  may  be  produced  in  them. 

Power-Consuming  Devices.  The  utilization  of  electric  power, 
as  of  all  power,  is  always  accompanied  by  the  production  and  dis- 
sipation of  heat.  Power-consuming  electric  appliances  such  as 
motors;  all  lamps,  both  arc  a, id  incandescent;  heaters;  and  every 
other  appliance  using  electric  current,  are,  therefore,  heat  producers 
to  a  greater  or  less  extent  and  must  be  so  treated  by  the  fire-preven- 
tion enpneer. 

Protective  Devices.  Protective  devices  are  the  safety  valves  of 
electric  circuits.    A  fuse.  Fig.  17,  is  a  portion  of  an  electric  circuit 
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purposely  made  so  that  it  will  melt  and  open  the  circuit  when  the 
current  rises  to  a  value  which  creates  dangerous  conditions  in  other 
parts  of  the  line.  The  proper  design  and  use  of  fuses  thus  Involves 
the  two  questions  of  suitable  protection  to  the  wires  and  a]»pliances, 
and  the  liability  of  the  fuse  itself  to  cause  a  fire  when  it  operates. 
Circuit  Breakers.  Circuit  breakers,  Fig.  18,  are  automatic 
switches  arranged  to  open  the  circuit  if  currents  reach  too  great 
values.  They  thus  accomplish  mechanically  the  same  results  as 
fuses.     As  a  general  principle  it  may  be  remembered  that   high- 


i 
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Fig.  18.     Aulomatic  Circuit  BroaliBr 

voltage  circuits  are  more  hazardous  than  low-voltage  circuits,  be- 
cause tliey  are  more  able  to  injure  insulations  and  to  produce  arcs 
across  gaps  or  from  one  wire  to  anotlier.  Large  currents  are  not 
more  dangerous  than  small  currents  so  long  as  thcj'  have  propor- 
tionally larger  wires  to  carry  them.  In  case  of  failure,  however, 
large  currents  {many  amperes)  will  cause  more  trouble.  The  per- 
sistency of  an  arc  and  the  difficulty  of  suppressing  it  when  once 
started,  are  dependent  upon  both  the  voltage  ami  the  current  (am- 
peres), but  it  is  the  voltage  which  causes  ar<-s  to  form,  as  across  air 
gaps  or  by  puncturing  insulation  on  a  cable. 
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The  production,  transmission,  and  use  of  energy  are  necessarily 
attended  with  certain  hazards  which  are  in  a  sense  proportionate 
to  the  amount  of  energy  employed.  The  peculiar  property  of  elec- 
trical energy  is  that  a  failure  or  accident  to  electrical  appliances 
often  permits  a  large  amount  of  energy  to  be  suddenly  expended  as, 
for  example,  at  an  arc  or  short-circuit,  thus  developing  a  great 
amount  of  heat, 

NATIONAL  ELECTRICAL  CODE 

As  the  result  of  the  united  efforts  of  insurance,  electrical,  archi- 
tectural, manufacturing,  and  allied  interests,  there  has  been  de- 
veloped a  comprehensive  body  of  rules  governing  electrical  work. 
The  development  and  experience  leading  to  these  rules  covered 
many  years,  but  in  1897  what  is  known  as  the  National  Electrical 
Code*,  was  first  issued  by  the  National  Board  of  Fire  Underwriters 
with  the  approval  of  a  large  number  of  engineering  associations  of 
national  scope,  whose  endorsement  has  given  to  these  rules  a  stand- 
ing and  reputation  unequaled  by  that  of  any  other  body  of  rules  on 
an  engineering  topic  in  this  or  other  countries. 

The  Code  is  generally  admitted  to  represent  the  best  opinion 
on  electricity  with  relation  to  the  fire  hazard  under  the  conditions 
existing  in  the  United  States,  It  is  in  general  use  by  insurance 
companies,  rating  and  inspection  bureaus  and  departments,  and 
engineering  organizations.  It  is  either  adopted  unchanged  as  the 
official  body  of  rules  for  cities,  or  is,  in  some  cases,  used  as  the  basis 
for  the  rules  prescribed  by  the  city  government  with  a  few  changes 
or  additions  which  are  demanded  by  peculiar  local  conditions  or 
which  ^ve  greater  protection  against  injury  to  persons  than  can 
be  prescribed  by  fire  insurance  companies,  which  are,  of  course,  not 
primarily  concerned  with  the  life  hazard.  These  changes  are,  in 
nearly  every  case,  of  minor  importance  and  consist  usually  of  cer- 
tain more  stringent  requhements  than  have  found  acceptance  as 
a  part  of  the  Code.  Few,  if  any,  city  rules  are  less  exacting  than 
the  Code  and  nearly  all  are  identical  with  its  provisions. 

It  should  be  noted,  however,  that  the  Code  does  not  attempt 
to  prescribe  the  most  efficient  or  economical  means  of  applying 
electric  currents,  nor  does  it  formulate  engineering  rules  or  practice, 

•The  Nation*!  EUctricat  Code  will  hereafter  be  referred  to  aa  the  "Code." 
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except  in  relation  to  fire  hazards.  It  is  published  every  two  years 
following  a  public  meeting  in  New  York  City  at  which  alt  proposed 
changes  or  additions  are  thoroughly  discussed.  These  meetings  are 
held  under  the  direction  of  the  Electrical  Committee  of  the  National 
Fire  Protection  Association,  a  society  the  active  members  of  which 
are  insurance  boards  and  bureaus,  electric  and  architectural  associa- 
tions and  institutes  and  other  societies  of  national  character.  The 
Code  has,  therefore,  the  authority  not  only  of  underwriters,  but  also 
the  indorsement  of  all  the  chief  associations  in  the  electrical  and 
building  industries  and  professions. 

Twice  every  year  (April  and  October)  is  issued  the  List  ofEleo 
triced  Fittings  which  gives,  under  the  names  of  manufacturers,  the 
devices  which  have  been  approved  for  use  after  samples  have  been 
examined  and  tested  according  to  the  construction  rules  of  the  code 
by  Underwriters'  Laboratories,  an  institution  located  in  Chicago, 
Illinois,  and  maintained  by  insurance  interests  for  the  purpose  of 
making  investigations  having  a  Ijearing  on  the  fire  hazard. 

In  the  pages  which  follow,  no  attempt  will  be  made  to  restate 
all  of  the  rules  of  the  Code,  but  rather  to  indicate  the  chief  under- 
lying principles  of  the  rules  and  explain  some  of  the  reasons  for 
them. 

Copies  of  the  Code  can  be  obtained  without  cost  from  any 
insurance  bureau  and  reference  to  the  Code  will  be  made  freely  in 
this  book.  It  is,  therefore,  assumed  that  the  reader  has  the  Code 
before  him  and  will  refer  to  it  for  the  official  statement  of  the  several 
rules,  and  for  the  relatively  less  important  details  not  repeated  in 
this  text. 

POWER  STATIONS  AND  THEIR  EQUIPMENT 

There  are  some  peculiar  hazards  present  in  stations  or  rooms 
used  for  generating  electricity  aside  from  those  always  involved 
where  larger  amounts  of  power  are  produced  and  controlled. 

In  the  case  of  companies  furnishing  electricity  for  light  and 
power,  the  generating  and  transforming  stations  are  often  of  large 
size,  and  contain  apparatus  which  is  very  expensive  and  also  of 
enormous  importance  for  the  uninterrupted  maintenance  of  the 
ser^'ice  they  render.    Modern  practice,  therefore,  tends  toward  the 
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hou^ng  of  such  central  plants  in  separate  buildings  of  strictly  fire- 
proof construction,  and  the  employment  of  every  resource  of  en- 
pneering  skill  and  experience  to  prevent  fire  from  causing  loss, 
either  by  the  destruction  of  the  equipment,  or  by  interruption  of 
service  resulting  therefrom. 

The  protection  against  fire  in  such  stations  thus  becomes  one 
of  the  chief  considerations  in  the  design  of  the  whole  plant  and 
passes,  therefore,  in  great  measure  into  the  field  of  the  designing 
engineer.  In  any  modern,  well-designed  central  station  the  original 
equipment  is  usually  fairly  good  from  the  viewpoint  of  fire  hazard. 
The  chief  troubles  often  result  from  crowding  equipment  when  it  is 
found  necessary  to  enlarge  the  capacity  of  the  plant.  Ample  room 
for  operating  and  for  inspecting  is  absolutely  essential.  Accessibility 
of  all  portions  of  electrical  equipment,  the  use  of  fireproof  materials 
throughout,  the  installation  of  protective  devices  of  approved  de- 
sign, and  of  ample  capacity  and  arrangements,  by  which  any  trouble 
may  be  readily  confined  to  a  limited  portion  of  the  equipment,  are 
chief  requisites  of  a  central-station  equipment  from  the  viewpoint 
of  the  electrical  fire  hazard. 

Standard  methods  of  installing  generators,  switchboards,  and 
all  transforming  devices,  should  be  followed,  but  the  engineering 
requirements  of  special  cases  and  the  complexity  and  variety  of  such 
equipments  in  present-day  stations  render  it  manifestly  impossible 
to  describe  in  definite  terms  the  details  of  construction  and  installa- 
tion. In  general,  generators  and  motors  of  themselves  present  less 
hazard  than  the  switchboards  with  the  mass  of  wiring  often  found 
on  them,  the  transformers  with  their  charges  of  inflammable  oil,  or 
the  large  conductors  carrying  heavy  currents  and  presenting  large 
surfaces  of  combustible  insulations. 

Strict  compliance  with  all  accepted  rules  for  wiring  is  of  as  great 
importance  in  central  stations  as  elsewhere,  both  because  of  the 
large  values  involved,  and  because  of  the  large  amounts  of  energy 
to  be  controlled  on  the  cireuits.  Central  stations,  therefore,  should 
never  be  considered  as  outside  of  "Code  rules"  so  far  as  they  ai)ply. 

Qenerators.  Generators  for  either  central  stations  or  isolated 
plants  should  always  be  located  in  a  dry,  light  place  as  the  presence 
of  moisture  is  apt  to  injure  the  machines  or  may  in  extreme  cases 
cause  short-circuits  in  leads  to  the  machine.     No  combustible  ma- 
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terial  should  be  permitted  near  a  dynamo,  and  it  is  desirable  that 
there  should  be  good  ventilation  to  maintain  reasonably  low  tem- 
perature, thus  increasing  the  capacity  of  the  machine. 

The  presence  of  generators  in  rooms  where  any  hazardous 
process  is  carried  on  is  not  to  be  allowed  and  it  should  be  remem- 
bered that  sparks  from  generator  brushes  or  rings  may  readily  set 
fire  to  inflammable  gases  or  to  flj-ings  of  lint.  Generators  operating 
at  a  potential  in  excess  of  550  volts  must  have  their  base  frames 
permanently  and  effectively  grounded.  Generators  operating  at 
550  volts  or  less  should  be  raised  above  the  floor  and  should  prefer- 


ably he  mouuteil  on  wood  bases  (Fig.  19)  which  insulate  the  machine 
frame.  Such  insulation  will  prevent  a  failure  of  insulation  in  the 
machine  windings  from  groundhig  the  system.  Such  a  ground 
might  cause  a  short  circuit  if  the  system  became  grounded  at  another 
point.  If  the  frames  are  not  insulated  a  reliable  grouiiii  connection 
is  required  in  order  to  give  a  gmitl  path  for  leak  currents. 

In  generating  plants  supplying  current  to  railway  power  lines, 
such  as  trolley  and  third-rail  equipments,  the  current  usually  is 
carried  to  the  trolley  or  third  rail  and  returns  after  passing  through 
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the  ear  motors  by  means  of  the  track  rails  and  the  ground.  All  feed 
wires  from  such  generating  stations  must  be  protected  at  the  station 
by  an  approved  circuit  breaker  or  similar  device  which  will  auto- 
matically cut  off  the  current  from  the  feed  wires  if  an  accidental 
ground  might  allow  abnormally  large  currents  to  pass  over  the  wire. 
Dynamos  in  manufacturing  plants  are  usually  installed  in  the 
same  rooms  with  the  engines  which  drive  them,  and  such  rooms, 
therefore,  present  possible  hazards  from  the  exposure  of  wiring  to 
steam  piping  and  to  mechanical  injuries  from  whate\'er  work  may 
be  done  in  repairs  or  alterations  of  machinery.  The  most  common 
faults  in  such  locations  arise  from  crowding  the  electrical  equipment 
into  too  small  and  inaccessible  locations  from  a  desire  to  use  space 
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either  not  available  for  other  uses  or  not  especially  planned  for 
electrical  apparatus.  Convenience  of  operation,  cleanliness  of  sur- 
roundings, and  a  workman-like  layout  of  equipment,  all  contribute 
to  the  maintenance  of  good  fire  conditions.  The  requirements  for 
overload  protection  at  constant-potential  generators  are  shown  in 
the  diagram,  Fig.  20,  where  ¥  in  each  figure  represents  the  fuses  or 
circuit  breakers  requu^  bj'  the  Code.  These  fuses  and  breakers 
will  usually  be    located   on  the   main   switchboard.     This  leaves 


Digitized  by  VwjOOQIC 


2i 


UNDERWRITERS'  REQUIREMENTS 


the  large  main  cables  from  generators  to  switchboard  unprotected 
and  for  this  reason  special  pains  should  be  taken  with  their  instal- 
lation since  an  accident  to  them  might  be  very  serious. 

GeneTator-Ruum  Wiring.  All  wiring  in  generator  rooms  should  be 
done  in  the  most  substantial  manner,  and  special  attention  should 
be  given  to  simplicity  and  orderliness  of  arrangement.  All  supports 
for  conductors  must  be  very  substantial.  Fig.  21  shows  an  excellent 
example  of  a  large  mass  of  wiring  well  installed. 

All  wiring  should  be  readily  renewable  and  accessible.  This 
usually  "requires  either  open  wiring  or  some  form  of  conduit.     A 


Well  Init^tsd 


fiber  conduit  is  largely  used  for  this  work  and  gives  good  results. 
The  large  amount  of  wire  ami  cable  often  found  in  dynamo  rooms, 
together  with  the  large  currents  carried  on  the  conductors,  makes 
it  necessary  especially-  about  switchboards  to  cover  the  highly  in- 
flammable rubber  and  braided  coverings  with  a  tight  jacket  of  some 
non-combustible  material,  such  as  asbestos,  to  reduce  the  probability 
of  fire  spreading  rapidly  over  all  the  cxpost^l  wiring. 

Bus  bars  are  usually'  left  bare  but  there  should  be  as  little  other 
bare  current-carrying  metal  as  ])ossil>Ie. 

All  conductors  should  lia\-e  ampK;  current  cajiacitj',  and  In  their 
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installation  special  care  must  be  ^ven  to  securing  excellent  insula- 
tion and  reliable  supports.  Due  regard  should  be  given  to  the 
possibility  of  injury  to  conductors  by  tools,  belts,  ladders,  etc.,  or 
by  any  vibration  which  may  cause  a  gradual  wear  on  wire  coverings. 
Ill  general,  the  requirements  of  Class  C  of  the  Code  apply  to 
dynamo-room  wiring  with  such  special  precautions  as  are  dictated 


Fig.  22.     Old-Siylc  Type  of  Wood-Frinne  Switthboard 

by  the  large  eurrents  to  be  cared  for  and  the  presence  of  a  great 
number  of  conductors  which  may  have  to  be  placed  rather  closely 
together. 

Switchboards.  The  danger  of  fire  at  switchboards  lies  in  the 
large  number  of  wires  usually  concentrated  on  them,  and  the  use  of 
rheostats,  fuses,  and  other  appliances  which  are  possible  sources  of 
fire.    The  switchboard  itsflf  should  always  be  of  slate  marble,  op 
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otber  strong  non-combustible  insulating  material.  The  old  wood 
racks  (see  Fig.  22)  once  used  are  no  longer  permitted.  Fig.  23  shows 
a  small,  well-arranged  switchboard.  While  the  front  of  the  switch- 
board is  the  operating  side,  the  rear  is  the  part  where  trouble  is  more 
likely  to  occur.  The  back  of  the  board  should,  therefore,  be  easily 
accessible  and  neatness  of  arrangement  and  reliable  supports  for  all 


Fig,  23*   Appr 


conductors  be  imperative.  Xo  makeshifts  arc  tolerable  on  switch- 
boards under  any  conditions.  Fig.  24  shows  the  back  of  a  board. 
Every  precaution  must  be  taken  to  keep  water  or  even  moisture 
off  switchboanls  since  a  short-circuit  WDulfl  be  easily  started  and 
the  result  would  often  l>e  hif;hly  disastrous.  The  Code,  Rule  3, 
gives  in  detail  some  requirements  for  location  iind  care  of  switch- 
boards, the  reasons  for  which  arc  apparent  witliout  further  explana- 
tion. Fig.  25  shows  a  large  modern  switchlxiard.  In  general  the 
exact  arrangement  of  parts  on  switchboards  is  determined  by  en- 
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Sneering  and  operating  requirements,  and  the  interest,  from  the 
viewpoint  of  fire,  centers  in  the  protection  of  conductors  and  the 
location  of  board  and  instrumtents  to  reduce  the  probability  of  fire 
spreading  from  the  board  to  the  other  parts  of  the  building.  Order- 
liness and  cleanliness  should  be  insisted  upon. 

Resistance  Boxes  or  Rheostats.  These  are  used  in  a  great 
variety  of  sizes  and  designs  with  dynamos  and  motors  and  at  switch- 
boards. They  may  be  mounted 
either  on  tlie  machines  or  switch- 
boards or  separately,  but  in  every 
case  they  must  be  considered  as 
'  'stoves"  and  liable  to  become 
"red-hot."  The  fact  that  they  do 
not  become  hot  when  used  undor 
normal  conditions  is  not  to  be 
considered  as  in  any  way  lessening 
the  requirements  for  protection. 

A  burn-out  of  a  rheostat  may 
result   in   a  mass  of  flames  from 
the  numerous  wires,  usually  con- 
tained in  or  leading  to  the  device, 
and  there  ma.\'  be  drops  or  spurts  of  melted  solder  or  other  metal. 
Fig.  26  shows  the  interior  of  a  small  starting  rheostat. 

All  resistance  devices  used  for  starting,  regulating,  and  controlling 
machines  are  to  be  classed  as  "resistances"'  in  the  intent  of  the  Rules, 
and  so  in  general  are  all  devices  or  parts  of  devices  where  coils  of 
wire,  iron  grids,  or  other  similar  objects  are  made  parts  of  the  circuit. 
Lightning  Arresters.  The  purpose  of  these  devices  is  to  prevent 
lightning,  or  external  high-voltage  currents  from  foreign  circuits, 
entering  the  station  and  there  causing  fire  or  damaging  machinery 
and  instruments.  Lightning  cannot  be  "stopped"  but  may  be 
diverted  to  the  earth.  A  large  varlet;'  of  lightning  arresters  are  on 
the  market  but  they  are  all  designed  to  afford  a  path  bj'  which  dis- 
charges may  pass  to  "ground"  instead  of  into  the  station  apparatus 
and  to  pre\'ent  so  far  as  possible  the  normal  currents  on  the  lines 
from  following  this  path.  The  operation  of  many  lightning  arresters 
is  accompanied  by  sparks  which  maj-  in  severe  cases  assume  the 
size  of  powerful  arcs.    The  location  of  these  de\ices  away  from  all 


Fit.  2B. 


Digitized  by  VwjOOQIC 


UNDERWRITERS'  REQUIREMENTS 


29 


combustible  material  is  thus  imperative.    They  are  often  installed 
in  separate  buildings  with  other  emergency  appliances. 

The  full  discussion  of  lightning-arrester  construction,  opera- 
tion, and  installation  is  impracticable  in  this  book.  Suitable  loca- 
tion, the  running  of  connections  in  straight  lines  with  the  fewest 


possible  bends,  the  use  for  ground  wires  of  copper  wire  not  smaller 
than  No.  6,  and  especially  the  securing  of  permanently  good  ground 
connections  are  the  chief  considerations.  Two  separate  ground  con- 
nections are  often  desirable.  Fig.  27  shows  a  type  of  electrolytic 
lightning  arrester  for  7,000  volts  maximum  potential  to  be  used  on 
three-phase  circuits. 
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Ground  Detectors  and  Tests.  Except  where  circuits  are  inten- 
tiiinalty  and  permanently  grounded,  a  leak  to  "ground"  may  be  the 
cause  of  arcs  at  some  points  in  tlie  sj'stem  ivhit-h  may  he  dangerous. 
By  "ground"  is  to  be  understood  the  earth,  walls  or  floors  of  masonry, 
pipes  of  any  kind,  iron  beams  or  floors  and  the  like.  It  is,  there- 
fore, required  that  suitable  instruments  and  circuits  be  provided  to 
indicate  either  continuously,  or  by  frequent  tests,  whether  there 
are  such  ground  connections  which  would  indicate  a  failure  of  some 
insulation.  If  such  a  failure  is  shown  b,\-  the  detector  the  trouble 
can  usually  be  located  and  repaired  before  injury  is  done. 

Ground  detectors  may  take  the  form  of  special  instruments  on 
the  switchboard  or  of  arrangements  of  switches  with  lamps  or  volt- 
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meters  which  can  be  used  to  test  the  insulation  of  each  side  of  each 
drcuit  in  turn.  The  connections  should  be  such  that  the  detector 
cannot  be  left  out  of  circuit.  For  the  various  arrangements  of  ground 
detectors  reference  must  be  made  to  the  standard  electrical  treatises. 
Attention  may  be  called  to  the  following  points  which  are  fre- 
quently neglected: 

(1)  Lamp  receptacles  should  be  keyless  and  any  switches  in  the 
detector  circuits  should  be  so  connected  that  the  detector  will  con- 
tinuously give  an  indication  on  at  least  one  side  of  the  circuit. 

(2)  The  wires  should  always  be  protected  by  small  fuses  where 
they  connect  to  the  bus  bars. 

(3)  If  the  detector  is  of  a  type  depending  on  relative  bright- 
ness of  two  lamps,  the  lamps  should  be  very  close  together. 

(4)  Special  care  should  be  taken  to  secure  excellent  ground 
connection  for  the  ground  wire. 
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The  accompanying  diagram,  Fig.  28,  shows  a  verj'  good  and 
simple  detector  for  any  two-wire  low-voltage  system,  and  is  typical 
of  many  in  use.  (The  diagram  and  description  are  taken  from  a 
publication  of  the  Associated  Mutual  Fire  Insurance  Companies.) 

The  lamp  for  the  detector  should  be  oF  the  same  candle  power  and  voltage, 
the  voltage  being  about  the  same  as  that  of  the  regular  lampa  in  the  plant, 
and  two  lamps  ahould  be  selected  which,  when  comiected  in  aeries,  burn  with 
equal  brilliancy.  Although  somewhat  greater  sensitivenesa  can  be  obtained 
with  low-candle-power  lamps,  such  as  8  c.  p.  for  example,  it  is  beUeved  in 
general  to  be  preferable  to  use  lamps  of  the  same  candle  power  as  those  through- 
out the  plant,  as  then  a  burned-out  or  broken-detector  larap  can  be  imme- 
diately replaced  by  a  good  lamp  from  the  regular  stock,  thus  avoiding  the 
necessity  of  keeping  on  hand  a  few  spare  special  lamps. 

The  detector  lampa,  being  two  in  aeries  across  the  proper  volta^  for 
one  lamp,  bum  only  dimly.  If,  however,  a  ground  occurs  on  any  circuit, 
as  at  a,  the  current  from  the  positive  bus  bar  through  lamp  No.  1  divides  on 
reaching  6,  instead  of  all  going  through  lamp  No.  2,  as  it  did  when  there  was 
no  ground.  Part  now  goes  down  the  ground  wire  and  through  the  ground  to 
a,  as  indicated  by  the  broken  line,  and  thence  through  the  wires  to  the  negative 
bus  bar.  This  reduces  the  resistance  from  b  to  the  negative  bus  bar,  and, 
therefore,  more  current  flows  through  lamp  No.  1  than  before,  while  less  cur- 
rent flows  through  tamp  No.  2.  L&mp  No.  1  consequently  brightens  and 
lamp  No.  2  dims.  If  the  ground  had  occurred  at  c  instead  of  a.  lamp  No.  2 
would  have  brightened  and  lamp  No.  I  dimmed.  This  detector,  while  not  able 
to  indicate  extremely  small  leaks,  will  show  any  leak  that  is  likely  to  be  dan- 
gerous from  a  fire  standpoint. 

Motors.  Electric  motors  are  very  generally  used  in  manu- 
facturing plants  of  all  sorts  and  their  use  is  still  rapidly  increasing. 
They  are  also  used  very  extensively  for  elevators,  cranes,  and  for 
an  infinite  variety  of  uses  in  all  classes  of  buildings.  Recently  port- 
able motors  of  small  size  have  come  into  very  general  use  for  drills, 
and  other  portable  tools,  vacuum  cleaners,  washing  machines,  and 
scores  of  other  purposes  where  their  cleanliness,  economy,  and 
adaptabilit\'  recommends  tliem.  These  portable  types  of  motors, 
however,  do  not  in  general  come  under  the  rules  prescribed  for 
stationary  machines,  though  tlieir  use  involves  similar  hazards 
and  some  others  peculiar  to  themselves.  These  will  be  discussed 
later. 

In  general  the  same  precautions  should  be  taken  with  motors 
as  with  generators.  Dry,  clean,  well-lighted  locations  should  be 
chosen  for  them.  It  is  a  very  common  fault  to  install  a  motor  in  a 
space  too  small  for  it,  or  in  a  place  where  rubbish  and  dirt  are  allowed 
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to  accumulate.  The  fact  that  modern  motors  are  very  sturdy  ma- 
chines, and  will  continue  to  work  even  when  neglected  and  abused, 
encourages  carelessness  in  maintenance  which  often  results  in  hazard- 
ous conditions.  Except  where  unavoidable,  motors  must  never  be 
located  in  the  vicinity  of  combustibles,  in  wet  places,  or  in  very  dusty 
or  dirty  places.  ^\'hen  such  locations  are  unavoidable,  an  "enclosed" 
tj-pe  of  motor  should  be  used,  or  a  special  room.  Fig.  29,  should  be 
provided.     Many  modern  t.\-pes  of  alternating-current  motors  have 


no  exposed  live  part^  and  du  not  have  commutators  or  brushes  and 
are,  therefore,  well  suited  tn  dusty  or  linty  plaws.  Fig.  -10  shows  a 
rough  commutator  of  a  motor.  It  is  evidtuit  that  as  the  cummtitator 
revolves,  the  brush  which  carries  the  main  motor  curr('iit  will  not 
fit  well  at  all  points  and.  therefore,  sparking  will  resuh.  In  extreme 
cases  this  sparking  may  lie  diingerous,  cspiH-ially  in  ilusty  places  or 
where  inflamniablt  gasts  are  present.  When  motors  are  useii,  not 
of  endoseil  tyijcs  with  brushes,  conuiuitator-  or  slij)  rings,  where 
sparking  may  iK-cur,  sjK-cia!  enclos\ires  ;-hould  be  provided.  The 
installation  of  motors  on  ceilings.  Fig.  'M.  or  built  in  as  pans  of  the 
special  machines  which  they  drive,  often  aflV'nls  both  the  neatest 
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Fig.  30.     Rough  Motor  Con 


and  the  safest  arrangement.  Jlotors  oporatinf;  at  voltages  over  55() 
\'ults  require  special  precautions  in  re- 
spect to  wiring  leading  to  them.  Motors 
for  less  than  550  volts  are  wired  accord- 
ing to  the  general  rules  for  low-poten- 
tial systems. 

Wiring  to  Motors.  The  supply  leads 
to  motors  must  be  of  a  size  to  carry  at 
least  25  per  cent  more  current  than  that 
for  which  the  motor  is  rated.  This  ap- 
plies to  all  types  of  motors  both  d.  c.  and 
a.  c.  an<l  is  required  even  though  the  motor 

is  not  actually  being  used  for  its  full  load.     This  is   called  for  to 

provide  for  the  currents  required 

to  start   the   motor    which   are 

almost  always  greater  than  the 

current    needed    for  continuous 

full   load  running,   and  also  to 

safeguard  the  motor  against  ex- 
ceptionally hea\'y  currents,  thus 

providing  a  margin  of  safety  at 

all  times. 

Wiring    for     Dired-Cvrrenl 

Motors.    The  Co<le  prescribes  the 

safe  carrying  capacity  of  wires 

of  different  sizes,  Page  65.  Thus 

if  a  direct-current  motor  requires 

44  amperes  when  working  inider 

full  load,  the  lead  wire  must  be 

of  such  size  as  to  carry  55  am- 
peres.   A  reference  to   Rule   18 

shows  that  this  will  call  for  a 

No.  6  wire. 

The  factors  which    are  in- 
volved in  the  determination  of 

the  proper  size  of  leads  to  direct- 
current  motors  may  he  summed 

up  as  follows : 

'Omrltn  IntpeeUon  tVptrtmrnt,  AsBiiri'iUit  FaeU 


Digitized  by  VjOOQIC 


UNDERWRITERS'  REQUIREMENTS 

TABLE  I 
Size  of  Wires  for  Direct -Current  Motors 


5iT, 

110  VOLTS 

220  VOI.TS 

500  VOLTS 

oS. 

SiK 

B^iSs 

Full 
Camat 

■kiSm 

Si« 

Open 

i 

ab 

i 

lo 

1 

[J 

10 

11 

5  . 

3fi 

.; 

0 

Ifl 

i; 

'!> 

14 

!' 

0-1 

si 

1 

S 

1 

0 

0 

s 

ii 

is 

VKI 

i>i 

:; 

IHIOO 

3 

M 

.■.;ts 

Z 

z 

!Z 

OOIH) 

Column  hputl«l  "Wa- »[  Win-.  Mail 

E=  volts  required  by  motor 
^■=  efficiency  of  motor 
h.p.  =  ratc(l  horse-power  of  motor 

Then  if  /  =  current  in  amjK're^^  at  full  l()ad  and  at  the  given 
voltage 

h.i..X74f, 
KXk   ' 

'  \Mien  I  is  fownd,  n  reference  to  tlic  Wire  CaiJacity  Table,  Page  6E, 
will  show  what  size  of  wire  is  re«iuire(l  for  current  2i'>  ]wt  cent  in  ex- 
cess of  /, 

In  Table  I  are  given  the  sizes  of  conductors  in  Brown  and  Sharpt. 
gauge  required  for  d irecf -current  motors  for  110  and  '2'20  volts  for 
different  sized  motors  from  1  up  to  ">()  horseixtwcr.  'I'lie  table  is 
taken  from  the  rules  of  the  City  of  Chicago;  iitlier  cities  have  .-iligntly 
different  rules. 
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TABLE  11 

Siz«s  ot  Wires  for  Alternating-Current 
Motors 


Power 

i,0VOLT8 

220  VOLTS                         1 

Full  Lrad  Curttol 

Si«of  Wire 

Full  Load  Curn-nl 

8iu  of  Win 

1 

2 
3 
4 
5 

12 
23 
33 
44 
53 

12 

8 
4 
4 
2 

6 

11 
16 
22 
26 

14 

12 
10 

8 
6 

e  of  Wires  for  Three-Phase  Motors 

THREE  PHASF. 




220  VOLTS 

& 

Msins 

1 

3 

14 

14 

2 

14 

14 

3 

14 

3 

S 

14 

12 

4 

14 

14 

4 

10 

14 

12 

5 

14 

14 

a 

13 

12 

10 

6 

14 

14 

7..1 

10 

10 

8 

10 

14 

12 

10 

26 

8 

6 

13 

12 

10 

12.5 

32 

8 

5 

16 

12 

10 

15 

38 

,   6 

4 

19 

10 

8 

22 

10 

8 

20 

51 

5 

3 

26 

8 

6 

25 

M 

4 

1 

32 

8 

5 

:i 

0 

6 

4 

35 

90 

00 

45 

6 

3 

40 

102 

1 

00 

51 

3 

45 

115 

0 

000 

M 

4 

2 

50 

128 

0 

0000 

64 

4 

1 

Column  headed  "Size  ot  Wire,  Branehps"  gives  size  of  wire  tor  branches  and 
for  mains  supplying  one  motor  and  ia  baaed  on  the  50%  overload  demanded  by 
the  rule. 

Column  headed  "Size  of  Wire,  Mains"  gives  size  of  wire  to  be  used  for  mains, 
but  in  no  case  must  the  size  of  these  mains  be  less  than  tliat  required  for  the 
50%  overload  on  the  lafgest  motor  such  main  supplies. 

The  question  of  drop  is  not  taken  into  consideration  in  these,  tables. 
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Wiring  for  Alternating-Current  Mntorx.  The  calculations  for 
proper  sizes  of  wires  for  alternatiiin-current  motors,  are  somewhat 
more  complicated  than  for  {iirect-current  motors. 

Table  II  gi\'es  the  wire  sizes  prescribed  by  the  rules  of  the 
Department  of  Electricity  of  the  City  of  Chicago.  Somewhat  dif- 
ferent values  are,  however,  in  use  in  other  places  and  no  universally 
accepted  rule  has  yet  been  de\elope<l. 

Switches  and  Protective  Derices  with  Motors.  Every  motor  of 
over  i  horse-power  must  be  i)rotected  by  fuses  or  circuit  breakers, 
and  controlled  by  a  switch;  and  all  of  these  must  be  located  within 
sight  of  the  motor,  and  be  arranged  so  as  to  open  and  to  protect  all 
the  wires.  An  automatic  circuit  breaker  whicli  will  disconnect  all 
the  wires  of  the  circuit  is  considered  the  equivalent  of  both  the  fuses 
and  the  switch. 


The  chief  purpose  of  the  fuses  is  to  ]>r()tcct  tiic  motor  and  espe- 
cially the  wiring  to  it  from  overloads  resulting  from  accidents  to  the 
motor  or  from  the  excessive  current  which  will  (low  if  an  attempt  is 
made  to  start  the  motor  when  it  is  for  any  reason  unable  to  start 
and  attain  its  proper  speed.  The  fuses  must,  thcR'fon',  always  be 
of  such  size  as  to  blow  with  curniits  not  in  cxccs.s  of  the  sisecified 
carrying  capacity  of  the  sujiply  wires.  Circuit  breakers  must  not 
be  set  more  than  IJO  jrt  cent  above  the  carrvinji  ciipitcity  of  the  wire 
unless  fuses  arc  also  used.  AVhcro  rubbfr-covcn'<l  wire  is  used  for 
the  leads  or  branches  of  aiterniitiiit;-furri'iit  motors  of  the  types 
requiring  large  starting  currents,  the  wire  nuiy  be  pnitected  in 
accordance  with  Table  III  on  page  (i-"),  except  when  eireuit  breakers 
are  installed  which  are  etpiipped  with  time  element  devices. 
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Each  wire  of  motor  circuits,  except  on  main  switchboard  or 
when  otherwise  subject  to  competent  supervision,  must  be  protected 
by  an  approved  fuse  whether  automatic  overload  circuit  breakers 
are  installed  or  not.  Single-phase  motors  may  have  one  side  pro- 
tected by  an  approved  automatic  overload  circuit  breaker  only  if  the 
other  side  is  protected  by  an  approved  fuse. 

For  wiring  circuits  which  have  a  maximum  capacity  greater 
than  that  for  which  enclosed  fuses  are  approved,  automatic 
overload  circuit  breakers 
alone   will   be  approved. 

The  switch  at  a  motor 
is  required  so  that  the  line 
can  be  readily  disconnected 
from  the  motor  when  the 
latter  is  not  in  use  or  in 
case  of  accident.  On  two- 
wire  systems,  a  double- 
pole  switch  is  required,  on 
three- wire,  a  triple-pole. 
If  a  circuit  breaker  is 
used  without  fuses  it  must 
be  of  a  type  which  will 
protect  the  motor  under 
all  circumstances.  Thus 
in  Fig.  32  the  single-coil  circuit  breaker  does  not  comply  with 
the  rule,  since,  if  a  ground  should  occur  on  the  main  at  G  and 
another  on  the  motor  at  G\  the  coil  C  of  the  circuit  breaker  would 
be  cut  out  of  the  circuit  and  the  breaker  would  fail  to  operate,  for 
no  provision  is  made  to  open  the  other  line.  In  this  case  a  fuse  of 
proper  size  should  he  installed  at  f  or  a  circuit  breaker  having  a  trip 
coil  in  each  side  should  be  substituted  for  the  fuse  and  breaker  shown 
in  Fig.  32.  If  the  circuit  breaker  takes  the  place  of  the  switch  at  the 
motor  it  must  be  such  that  one  line  cannot  be  opened  without  open- 
ing also  all  the  others. 

Motors  of  -J  h.p.  or  less  may  be  connected  to  circuits  less  than 
300  volts  in  the  same  way  as  incandescent  lamps,  provided  the 
proper  fuses  are  used  in  the  branches  supplying  the  power  to  them. 
Such  motors,  illustrated  by  desk-fan  motors  and  all  portable  motors 


imall  VentilBtina  Outfit  to  I 
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of  small  size,  do  not  usually  require  starting  rheostats.   Fig.  33  shows 
a  small  ventilating  outfit  to  be  connected  to  a  lamp  socket. 

Rheostats  with  Motors.  Rlieostats  are  used  with  motors  for  start- 
ing them  and  for  controlling  their 
speed.  They  should  always  be  re- 
garded as  sources  of  heat  and  installed 
accordingly.  Fig.  34  shows  a  common 
type  of  motor-starting  rheostat.  Such 
rheostats  (called  motor  starters)  need 
to  be  in  the  circuit  foi  only  the  very 
short  time  usually  required  to  bring 
the  motor  up  to  speed  and,  therefore, 
they  are  usually  so  designed  to  carry 
the  necessary  current  for  only  this 
brief  period.  Such  motor  starters, 
if  left  with  current  passing  through  their  coils  or  grids  for  longer 
periods,  will  become  very  hot  and  may  burn  out.  The  manner  in 
which  a  simple  motor  starter  is  connected  is  shown  in  Fig.  35  when  A 
rei)resents  the  armature  of  the  motor,  M 
the  field  coil  or  electromagnet  of  the  motor 
and  R  the  resistance  coils  in  the  starter 
rheostat  box.  The  required  fuses  and 
switch  are  shown  at  FF  and  S.  In  this 
design  the  starter,  fuses,  and  switch  are 
all  mounted  on  a  single  slate  base.  To 
start  the  motor,  the  switch  S  is  first 
closed  and  the  handle  //  is  slowly  moved 
from  0  to  the  position  shown  in  the  dia- 
gram. It  will  l>e  seen  that  the  resistance 
R  during  the  process  of  starting  serves  to 
— ^  limit  the  current  supplied  to  the  motor  ar- 
mature, which  would  otherwise,  until  the 
motor  came  up  to  speed,  be  excessively 
Fie.  35,  stnrtine  Rheostat  Wiring  large.  When  the  handle  has  reached  the 
position  shown,  the  resistance  is  all  cut 
out  of  the  circuit.  A  rheostat  of  this  sort  cannot  be  used  safely 
except  to  start  a  motor  of  the  proper  size  for  it.  The  lesistances  will 
get  excessively  hot  if  //  is  allowed  to  remain  at  any  intermediate  point. 
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Motor  starters  for  d.  c,  motors  must,  therefore,  be  made  so  that 
a  spring  or  other  device  will  return  the  lever  to  the  "off"  position  in 
case  the  operator  attempts  to  leave  the  starter  with  current  passing 
through  its  resistance  coils.  This  is  because  these  coils  are  not 
designed  for  this  continuous  duty.  When,  however,  the  lever  has 
been  moved  clear  across  to  its  final  position,  it  is  held  there  by  a  small 
electromagnet  {V  in  Fig.  35)  but  in  this  position  the  connections 
have  been  shifted  so  that  the  resistance  coils  are  no  longer  in  the 
circuit.  If  now  it  should  happen  that  the  supply  of  current  should 
fail,  the  electromagnet  {called  the  no-voltage  release)  will  release  the 
lever  which  will  fly  back  to  the  original  "off" 
position.  Then  when  the  supply  is  re-estab- 
lished the  motor  will  not  be  injured  by  start- 
ing too  suddenly,  or  by  the  severe  arcing  at 
the  motor  commutator. 

Since  a.  c.  motors  usually  have  no  com- 
mutators and  are  less  liable  to  injury  from 
sudden  starting,  a  no-voltage  release  is  not 
required  in  a.  c.  starters. 

A  somewhat  different  device  called  an 
aidostarter,  potential  starter,  or  compensator,  is 
often  used  for  starting  a.  c.  motors.  It  is  a 
form  of  transformer  which  allows  only  a  por- 
tion of  the  line  ^■oItages  to  be  applied  to  the 
motor  until  it  is  well  started.  Autostarters 
are  to  be  regarded  as  sources  of  heat,  and 
much  the  same  precautions  are  necessary  as 
with  ordinary  starters  containing  wire  c<)ils  or  Fig.  36.  interior  view  of 
iron  grids.      If   they   contain    oil-immersed 

switches  or  coils,  the  oil  adds  a  further  hazard  on  becoming  overheat- 
ed or  spattered  about.     Fig.  36  shows  the  interior  of  a  compensator. 

In  general,  motor  starters,  either  d.  c.  or  a.  c,  involve  both  the 
hazards  of  switches  and  those  of  possibly  overheated  coils  of  wire  or 
other  parts,  and  must  be  treated  accordingly. 

Another  class  of  rheostats  includes  those  which  are  intended  for 
regulating  the  speed  of  motors  and  generators.  The>'  are  necessarily 
used  continuously  whenever  the  machine  is  running  and,  there- 
fore, must  be  proportioned  so  that  their  coils  or  other  resistances 
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will  not  become  overheated,  even  when  the  necessary  current  traverses 
them  for  hours  at  a  time.  Fig.  37  shows  a  large  rheostat  of  this  type. 
Among  tfiese  rheostats  are  classed  field  rheostats  for  dynamos,  con- 
trollers for  motors  (as  distinguished  from  motor  starters),  theater 
lamp  dimmers,  and,  in  fact,  all  rheostats  or  resistances  which  are 
required  to  be  continually  in  the  circuit.  Some  motor  starters  are 
designed  to  serve  also  as  controllers  and  may  have  two  seta  of  re- 
sistances, one  for  starting  only  and  the  other  for  continuous  duty 
in  varjing  the  speed  of  the  motor.  These  are  especially  useful  in 
connection  with  machine  tools  and  similar  apparatus. 

Special  forms  of  rheostats  having  their  resistances  so  enclosed 
that  a  burn-out  will  not  cause  sparks,  are  required  in  dusty  or  hnty 


places,  sucli  iis  flonr  mills,  various  textile  mills,  etc.  If  such  spe- 
ciaH\'  prot(x.-ted  starters  are  not  KUpi>lied,  the  starting  apparatus 
should  be  in  six-clal  rotmis  wliere  the  dust  or  lint  can  be  kept  out. 
The  dangers  to  i)e  guarded  against  in  all  rheostats  of  every  tj-pe 
arise  from  the  fact  that  these  appliances  nuist  from  their  verj'  nature 
be  sources  of  heat,  liy  liberal  design  and  good  ventilation  the 
iemiieTuturvs  can  be  kejit  low;  but  all  riieostats  should  be  installed 
with  the  idea  that  they  may  become  o\'erheated  by  failure  or  mis- 
use, I'ig.  -iS.  The  large  amount  of  insulated  wire  often  used,  and 
the  oil  in  which  iiarts  are  sdnictimes  inunersed,  may  furnish  a  con- 
siderable iinuinnt  of  fuel,  and  in  severe  burn-outs,  flames  may  result 
and  molten  luetal  be  ejecteil.  A  large  amount  of  smoke  usually 
acompanies  a  biirLi-out  of  a  rheostat. 
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Storage  Batteries.  Batteries  of  large  size  are  now  in  common 
use.  These  are  practically  always  storage  batteries,  that  is,  bat- 
teries which  are  recharged  by  having  current  from  a  generator 


Fie.  38.     Euinplc  of  Badly  luataJlDd  UhcDsUt  sad  Switch 

supplied  to  them  from  time  to  time.  What  are  called  primary 
batteries,  that  is  cells  in  which  there  is  a  chemical  action  which  sets 
up  a  current  without  any  machine  l>eing  used  to  charge  and  recharge 
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them,  are  sometimes  of  large  size,  and  develop  fairly  high  voltages. 
They  are,  however,  used  chiefly  for  telegraphs  and  other  signaling 
work  and  need  not  often  come  under  the  supervision  of  underwriters 
or  fire-protection  engineers. 

Storage  cells,  however,  where  they  are  capable  of  developing 
the  same  voltage  (100  to  600  volts  not  uncommon)  require  the  same 
general  precautions  as  dynamos  or  motors  since  they  produce  like 
amounts  of  energy.  Furthermore,  it  is  a  property  of  such  batteries 
that  in  case  of  a  short- 
circuit  they  can  for  a 
short  time  supply  very 
large  currents,  far  larger 
than  they  are  normally 
called  upon  to  supply. 
Thus  they  may  be  term- 
ed reservoirs  of  energy, 
capable  of  producing 
trouble  if  their  output  is 
not  properly  controlled. 
Storage  battery  rooms 
should  be  thoroughly 
ventilated.  The  action 
of  the  current  in  charing 
the  battery,  liberates  at 
timca  large  quantities  of 
hydrogen  and  oxygen, 
and  if  these  should  ac- 
cumulate in  the  right 
proportions,  they  would 
form  an  explosive  mix- 
ture which  might  be  exploded  bj'  any  accidental  spark. 

The  water  and  acid  used  about  storage  batteries  make  it  neces- 
sary to  provide  especially  good  insulation.  Tlic  battery  jars  are 
best  mounted  on  glass  strips  set  ou  special  poR-elain  innulators.  The 
usual  precautions  for  rwtnis  where  acid  fumes  exist  should  l>e  taken 
in  battery  room  wiring,  and  metal  parts  must  not  be  such  as  to  be 
affected  by  corrosion,  since  a  dctrreasc  of  the  cross-section  area  of 
any  current-carrying  part  may  ultimately  reduce  the  metal  to  a 
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degree  that  will  cause  overheating  or,  in  ease  of  an  actual  break,  a 
dangerous  arc. 

Transformers.  In  central  or  substations  or  in  large  power 
rooms  of  isolated  plants  or  factories,  the  chief  point  in  the  installa- 
tion of  transformers  is  the  provision  for  preventing  injury  from  the 
fire  resulting  from  burning  out  of  the  coils  or.  in  the  case  of  oil-filled 
cases,  from  the  boiling  over  of  the  oil.  These  effects  are,  of  course, 
produced  onlj  Ifrom  some  accident  to  the  apparatus  or  circuits, 
but  transformer  fires  are  peculiarly  difficult  to  fight,  and  the  oil  and 
the  insulations  on  the  windings  produce,  at  high  temperature,  large 
volumes  of  smoke  which  may  damage  goods  in  other  parts  of  the 
building  than  the  transformer  room  itself,  or  which  might  he  mis- 
taken for  a  fire  and  result  in  water  being  thrown  into  the  building 
entailing  a  heavy  "water  loss."  Transformers  should  always  be 
located  in  clean,  dry  places  with  ample  space  about  them.  Fig.  39 
shows  a  General  Electric  constant-current  arc-lighting  transformer 
with  series  rectifier  outfit  for  4-ampere  50-Iight  system, 

OUTSIDE  WORK 

Defects  or  failure  of  electric  light  or  power  circuits  outside  of 
buildings,  as  on  poles  or  over  the  roofs  or  walls  of  buildings,  may 
become  the  cause  of  fire  by  setting  up  abnormal  conditions  in  ap- 
pliances connected  to  them,  by  setting  fire,  either  by  overheating  or 
arcing,  to  buildings  on  which  they  are  supported,  or  especially  by 
crosses.  By  a  cross  is  meant  an  accidental  touching  by  wires  of  one 
circuit  or  line  with  those  of  another  line.  By  such  accidental  con- 
tacts lines  may  become  charged  with  a  higher  voltage  than  they  or 
their  appliances  are  suited  for.  Thus  a  cross  between  a  2,200-volt 
arc-light  wire  and  a  1 10-volt  house-lighting  circuit  may  cause  current 
6rom  the  2,200-volt  circuit  to  pass  into  one  or  more  houses  where 
it  will  perhaps  blow  fuses  with  an  explosive  action,  or  cause  very 
dangerous  arcs  as  it  passes  to  the  ground  through  some  defective 
insulation.  Fig.  40.  Similarly  it  is  very  dangerous  for  an  ordinary 
lighting  circuit  to  become  crossed  with  a  telephone  wire,  since  the 
insulation  and  carrying  capacity  of  telephone  wiring  is  not  such  as  to 
resist  the  effects  which  might  be  produced.  For  reasons  such  as  these, 
outside  wiring  has  a  definite  relation  to  fire  hazard  even  in  buildings. 
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Wiring.  In  very  many  cities  and  towns  insufficient  attention 
was  paid  to  outside  wiring  until  the  strettts  and  alleys  became  crowded 
with  circuits  of  all  sorts,  «'ach  put  n[>  as  was  ehe!i])est  or  most 
convenient  at  the  time  it  was  constructed.  Where  some  <if  these  cir- 
cuits are  of  high  jxiwer  and  liigli   voltage  exceedingly  dangerous 


(-"iiditions  ^■x\:-^.  and  tlii'  lia/iinl  nuiy  lie  cMrnd.-il  hvit  largi'  areas 
reniotc  rnini  the  plare  wlicrc  ;icln;d  lailuri-  m-ciir-.  >ini'c  the  irsultilift 
accidental  current--  n),i\  |>;i>^..vcr  aiiv  »( ihc  lij'c-  iiiM.|vi-.l  ti)  Imild- 
inK<;it  ciirisidiTaliicdi-taiiccs.  The  ctinn  - -il' iin--|in''e,ii.iri  .'ngineers 
aii.l  iii-iiraiice  iiil..nM-  -ImuM  1.-  diivlrd  l,.";nd  rn.  crrcctlon 
of  Uinhy  OlltM.lc  ttirill-  rolldilicN:-,  wliich  if  ne-lrrl,-.!  ,!,v  hound  to 
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become  progressively  worse  and  constitute  a  serious  menace  to  lives 
and  property. 

Where  an  insured  property  is  clearly  jeopardized  by  outdoor 
wiring,  excellent  electrical  conditions  indoors  can  at  best  afford  only 
a  partial  safeguard,  and  fire-protection  engineering  should  apply 
itself  to  remove  the  defects  out-of-doors  as  well  as  in. 

Underground  System.  The  placing  of  electric  wires  underground, 
especially  where  low  voltage  and  signal  circuits  are  carried  in  separate 
conduit  systems,  affords  the  most  thorough  solution  of  the  hazards 
of  town  and  city  wiring.  Underground  wires  are,  of  course,  less  liable 
to  accidents  of  weather  and  storm,  and  are,  therefore,  preferred  by 
operating  companies  although  the  expense  of  putting  wires  under* 
ground  often  prevents  or  postpones  a  change, 
Le^slation  prescribing  a  gradual  change,  a 
certain  amount  of  wiring  being  put  under- 
ground each  year,  has  often  produced  results 
without  undue  hardship  to  electric  com- 
panies. However,  there  are  certain  well  de- 
fined precautions  and  standard  methods  for 
outside  work  which  can  reduce  hazards  to  a 
gr«at  extent.  p,^  ,,    p.hl.„m  i,«ui.toP 

Standard  Practice.     Line   wires   should 
have    either   rubber  insulating  or  weatherproof    covering.      The 
weatherproof  co\iTing  consists  of  three  tight  cotton  braids,  each  of 
which   is  thoroughly  impregnated   with  some  kind  of  waterproof 
compound. 

The  insulation  of  outside  wires  on  poles  is  required  as  an  addi- 
tional protection,  but  is  not  in  any  way  depende<!  on  for  insulation 
at  the  supports.  The  use  of  bare  wires  to  hold  the  line  wires 
wouki  greatly  increase  the  probability  <if  crosses  in  cases  of  break- 
age of  wires. 

Standard  practice  is  to  use  glass  or  porcelain  insulators  at  least 
1  foot  apart  on  pole  cross-arms  and  to  ground  all  metallic  sheaths 
of  cables.  Fig.  41  shows  a  cross-section  of  one  form  of  porcelain 
insulator.  The  "petticoats"  will  nearly  always  have  a  dry  space 
underneath  their  lower  edges,  and  even  if  not  dry,  the  length  of  the 
path  offered  to  the  current  escaping  over  the  wet  surface  is  so  great 
that  the  leakage  is  small. 
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All  joint  wires  sliould  I)e  soldered  and  carefully  insulated.  The 
joint  should  be  made  me(-haiiicall\-  and  electrically  secure  before 
the  solder  is  applied.  Good  joints  are  requisite  to  lessen  the  chance 
of  wires  falling  as  well  as  to  prevent  arcs  on  the  wires  themselves. 

Proximity  of  Wires  to  Electric  Light  and  Power  Lines.  IVobably 
the  most  common  and  also  the  most  dangerous  fault  in  outside  work 


is  the  rnnniiis  of  telfphinu'  aiul  other  signal  wir's  too  dose  to  electric 
light  and  power  lines.  Wires  of  this  sort  should  never  be  on  the 
same  cross-arms  and  it  is  nuich  the  Ix-st  practice  wherever  possible 
to  keep  telephone  wires  on  pok'S  on  one  side  of  ii  street,  and  light 
and  power  wires  on  the  other,  giving  s[x'cinl  attenliun  to  the  neces- 
sary crossings,  if  any.  In  all  out,si<le  pole  work  in  towns  due  regard 
should  be  given  to  the  fact  that  lines  consisting  of  many  wires  are 
a  serious  hindrance  to  firemen  in  attacking  a  fire  in  the  adjacent 
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buildings,  Fig.  42.  The  disposition  of  tlie  lines  should  be  such  as 
to  reduce  this  as  far  as  practicable;  but  placing  wires  underground  is 
the  only  complete  solution  of  this  problem. 


_-^-^^§r-^ 


Outside  Wires  on  Buildings.  Where  outside  lines  are  supported 
on  buildings,  they  should  be  at  least  7  feet  above  the  highest  point 
of  flat  roofs  and  at  least  1  foot  above  the  ridge  of  pitch  roofs  over 


which  they  pass  and  the  roof  structures  should  be  of  the  most  sub- 
stantial description.  Figs.  43  and  44  show  two  forms  of  roof  struc- 
ture which  hold  the  wires  high  enough  so  that  they  cannot  sag  and 
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touch  the  roof  aiul  so  that  they  arc  not  liable  to  be  touched  or  dis- 
turbed by  persons  walking  on  the  roofs.  Where  outside  wires  are 
brought  from  pole  lines  into  buildings  special  precaution  must  be 
taken.    Such  wires  are  s|)okfn  of  as  service  wires  or  services. 

The  portion  of  such  wires  from  the  service  switch  in  the  building 
and  the  first  outside  support  must  be  rubber  insulated.  Every  pre- 
caution must  l>e  taken  to  keep  service  wires  free  from  contact  with 
oiirnices,  awning-frames,  shutters  and  the  Uke,  under  all  conditions. 
Usually,  for  low-voltage  dr- 
cuits,  it  is  best  to  put  the 
wires  in  metal  conduit,  as 
shown  in  Fig.  45.  This  draw- 
ing also  shoe's  the  drip  loops 
which  should  alwaj's  be  prcn 
vided,  the  insulators  on  brack- 
ets secured  to  the  wall  and  the 
special  pipe-cap  on  the  top  of 
the  conduit  to  keep  rain  out 
of  the  pijx*.  Where  conduit 
is  not  used,  port«lain  bushings 
nia\'  be  used,  slanting  upward 
through  the  wail  toward  the 
inside. 

Ill  general  it  is  better  to 
hino  service  wires  enter 
through  the  basement  rather 
than  through  an  upper  story 
or  attic.  Where  wires  are 
carried  along  side  walls  out- 

'''"■  ""^oiii^n ''lV.'vUiln''T'^in>r'M"i-n.^ '"^  ^"'"'  "^    builllillgS,  they  should 

lie  supiiorted  on  glass  or  por- 
celain insulators,  not  more  than  1 '» feet  apart.  Wlien;  not  exposed  to 
weather,  porwiain  knobs  may  Ik-  iiseii  if  n<it  niiirc  than  4^  feet  apart. 
'frolic!/  f'""''".  'rroiiey  wires  must  be  of  ample  siw  for  mechanical 
strength  (No.  0  ]i.  it  S.  gunge  copper  or  Nch  4  H.  iV  S.  gauge  silicon 
bronze).  I'rotection  agiiinst  crosses  must  Ih;  ample  and  street  rail- 
way trolleys  and  feeder  cables  nnist  be  capable  of  iH-iiig  disconnected 
at  the  jtower  station  or  of  lieing  divided  into  se<^ti«»ns  so  tliat  in  case 
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of  fire  on  the  railway  route,  the  current  may  be  cut  off  from  the 
particular  section  and  not  interfere  with  the  work  of  the  firemen. 

Electrolysis.  Whenever  an  electric  current  passes  between  a 
pipe  or  wire  underground  into  damp  earth  an  electro-chemical  efliect 
is  produced  which  may,  under  certain  conditions,  produce  a  disin- 
tegrating effect  on  the  metal  pipe  or  wire  and  eventually  destroy  it. 
WTienever  an  electric  current  passes  through  a  conducting  liquid 
which  is  not  a  chemical  element,  the  liquid  is  decomposed.  The 
salts  and  acids  in  the  liquid  are  thus  decomposed  and  metal  plates 
by  which  the  current  is  led  Into  and  out  of  the  liquid  are  also  affected. 
This  process  is  called  elecirolysis,  that  is,  breaking  up  of  chemical 
composites  by  electric  currents. 

It  is  at  once  evident  that  water  and  gas  pipes  of  iron  buried  in 
moist  earth  provide  the  necessary  combination  for  electrolytic  effects 
and  that  pipes  in  areas  traversed  by  currents  through  the  earth  may 


be  mjured  bj  such  chemical  dismtegration.  In  cities  and  towns 
where  there  are  large  electric  currents  which  use  the  earth  as  a 
"return  path,"  these  effects  if  improper  conditions  are  allowed  to 
exist,  ma>  become  \er\  serious  and  ha\e  a  bearing  on  the  fire  hazard 
chiefly  as  they  ma\'  jeopardize  the  water  mains  and  supply  pipes  to 
an  extent  sufficient  to  render  the  fire-fighting  facilities  unreliable  in 
emergencies.  Since  the  direction  of  alternating  currents  reverses 
many  times  each  second,  the  chemical  effects  which  they  can  produce 
are  also  reversed  and,  therefore,  in  general  alternating  currents  in  the 
earth  are  not  liable  to  produce  dangerous  electrolysis-  There  are, 
however,  direct  currents  which  usually  employ  ground  returns  and 
by  far  the  commonest  are  the  currents  of  the  usual  overhead  trolley 
street  railways.  It  is  to  these,  therefore,  that  the  following  explana- 
tion applies.  Fig.  46  illustrates  the  way  in  which  the  current  in  a 
trolley  circuit  returns  to  the  generator.    SuCh  circuits  in  this  country 


Digitized  by  VwjOOQIC 


60  UNDERWRITERS'  REQUIREMENTS 

are  almost  invariably  direct  current  at  500  to  650  volts  and  the 
positive  side  of  the  dynamo  is  regularly  connected  to  tlie  overhead 
wire.  The  current  thus  passes  out  over  the  trolley,  through  such 
cars  as  are  in  operation  and  back  to  the  negative  side  of  the  dynamo, 
by  the  rails,  or  through  pipes,  moist  earth  or  other  conducting  sub- 
stances underground.  The  negative  side  of  the  generator  is,  of 
course,  connected  to  the  rails  and  ground.  The  return  current  divides 
according  to  the  conductivity  of  tlie  different  paths  afforded  it  and 
the  actual  distribution  of  currents  in  the  earth  may  be  very  com- 
plicated and  is  subject  to  great  variations  from  point  to  point. 
Careful  "electrolj-tic  surveys"  are  necessary  in  order  to  discover 
fully  the  actual  current  arrangements  existing  underground  in  any 
toHTi  or  city. 

In  general,  however,  it  is  important  to  notice  that  wherever 
the  current  leaves  a  pipe  for  the  earth,  as  at  U  in  Fig.  40,  the  iron  of 
the  pipe  is  carried  away  into  the  earth,  just  as  in  a  silver  plating 
battery,  sih'cr  is  carried  away  from  the  silver  plate  toward  the 
article  which  is  being  plated.  It  is  this  action  which  is  meant  by 
electrolysis  as  the  term  is  usually  employed  with  reference  to  under- 
ground pipes  and  earth  currents  and  the  result,  as  has  been  stated, 
may  l)e  a  destruction  of  the  pipe  at  one  or  at  many  points. 

For  the  diminutioTi  of  such  olectnilytic  corrosion  ever;-  means 
should  l)e  taken  to  afford  a  low-resistance  path  for  the  return  circuit. 
This  is  also  of  advanfago  from  the  viewpoint  of  economical  opera- 
tion since  it  takes  power  to  drive  the  ciirrcnt  through  a  high-resistance 
return  path.  Large  (:o])per  <:onductors  are  often  laid  between  the 
rails  and  parallel  t(»  them,  fre<]uent  hea\y  cross  wires  being  used  to 
connect  this  copi>er  cable  to  the  rails.  Goo<l  bonds  between  rails 
cither  of  low-resistance  tic  plates,  or  still  better  of  electric  welds 
lietwccii  rail  ends,  are  of  great  value. 

The  general  arrangement  and  size  of  return  wires  and  rail 
should  be  such  tiiat  the  difTcrence  of  potential  in  volts  l)etween  the 
grounded  terminal  of  the  generator  and  any  point  on  the  return  cir- 
cuit will  not  bt^  more  than  2.j  volts. 

Where  pijx's  or  other  un(lergn)un(!  metal  work  are  found  to  be 
elw^trically  positive  to  the  rails  or  surnmndiiig  earth,  that  is,  so 
that  current  tends  to  ^aw  frmn  the  pipes  to  the  railn  or  earth,  special 
conductors  should  be  provided  to  connect  the  pipes  to  the  rails  to 


Digitized  by  VwjOOQIC 


UNDERWRITERS'  REQUIREMENTS 


51 


carry  such  currents  and  thus  prevent,  as  far  as  possible,  the  effects  of 
electrolysis.  Very  elaborate  investigations  of  electrolysis  as  affecting 
water  mains,  gas  pipes  and  other  underground  metal  have  been  made 
in  many  cities  and  the  co-operation  of  city  authorities,  water  com- 
panies, and  electric  power  and  railway  companies,  has  in  many  places 
resulted  in  greatly  lessening,  if  not  in  entirely  removing,  the  dangers 
from  thb  cause.  Surveys  should  be  repeated  occasionally  since 
new  electric  circuits  or  new  pipe  lines  may  create  an  altered  condi- 
tion in  underground  distribution  of  currents. 

High  Tension  Lines.  In  recent  years  there  has,  in  most  parts 
of  the  country,  been  a  very  great  increase  in  the  number  of  high- 
tension  power-transmission  lines  and  the  voltages  have  also  become 
much  higher.    Overhead  lines  of  this  class  present  certain  problems 


requiring  very  careful   attention.     The   Code  states  the  following 
causes  of  fire  which  may  come  from  high-voltage  (over  5,000}  lines: 

Accidental  croaaes  between  Buch  lines  and  low-potential  lines  may  ullow 
the  high-voltage  current  to  enter  buildings  over  a  large  seetion  of  adjoining 
country.  Moreover,  such  high-voltage  lines,  if  carried  close  to  buildings, 
hamper  the  work  of  firemen  in  case  of  fire  in  the  building.  The  object  of  the 
rules  is  so  to  direct  this  class  of  construction  that  no  increase  in  fire  hazard 
will  result,  while  at  the  same  lime  care  has  been  taken  to  avoid  restrictions 
irhich  would  unreasonably  impede  progress  in  electrical  development. 

It  is  fully  understood  that  it  is  impossible  to  frame  rules  which  will 
cover  all  conceivable  cases  that  may  arise  in  constniclion  work  of  such  an 
extended  and  varied  nature,  and  it  is  advised  that  the  Inspection  Depart- 
ment having  jurisdiction  be  freely  consulted  as  to  any  modification  of  the 
rules  in  particular  cases. 
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ITie  very  best  v.ny  to  guan]  against  accidental  crosses  between 
high-tension  lines  and  other  circuits  b  to  liave  them  follow  different 
routes.  This  can  often  be  ac- 
complished by  mutual  agree- 
ment of  the  parties  interested 
e^-en  when  a  change  in  one 
of  the  routes  will  be  neces- 
sitated. 

High-tension  lines  should 
not  approach  other  pole  lines 
nearer  than  a  distance  equal 
to  the  height  of  the  taller 
pole  and  such  lines  should 
not  be  on  the  same  poles 
with  any  other  lines  except 
.  such  signal  lines  as  may  be 
used  by  the  company  opera- 
^•""'^  ting  the  high-tension  system. 

Where  such  lines  must  necessarily  be  carried  nearer  to  other  pole 
lines  than  b  specified  above,  or  where  they  must  necessarily  be  carried 
on  the  same  poles  with  other  wires,  extra  precautions  to  reduce  the 
liability  of  a  breakdown  to  a  minimum  must  be  taken,  such  as  the 
use  of  wires  of  ample  mechani- 
cal strength,  widely  spaced 
cross-arms,  short  spans,  double 
or  extra  heavy  cross-arms,  extra 
heavy  pins,  insulators,  and  poles 
thoroughly  supported.  If  car- 
ried on  the  same  poles  with  other 
wii'es,  the  high-pressure  wires 
should  be  carried  at  least  3 
feet  above  the  other  wires,  but 
this  arrangement  should  never 
be  adopted  unless  it  is  impos- 
sible to  di>  otherwise.  Where 
such  lines  cross  other  lines,  the  poles  of  both  lines  must  be  of  heavy 
and  substantial  constru(;tion. 

The  Code  contains  quite  detailed  siweifications  for  the  safe 
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construction  of  crossovers  and  other  details  of  high  voltage  lines 
which  should  be  carefully  studied  and  followed. 

Fig.  47  shows  one  arrangement  for  a  crossover.  A  joini-pole 
croesing  may  sometimes  be  used  and  Fig.  48  shows  such  a  crossing 
with  mechanical  guards  and  wires  on  the  upper  or  high-tension  line 
cross-arms.  Sometimes  a  screen  either  supported  on  high-tension 
insulators  or  grounded  may  be  suspended  between  the  lines  at  the 
crossover  as  illustrated  in  Fig.  49.  When  necessary  to  carry  high- 
tension  lines  near  buildings  they  should  be  at  such  height  and  dis- 
tance from  the  building  as  not  to  interfere  with  firemen  in  event  of  a 
fire.  Such  interference  might  arise  either  from  the  difficulty  of  plac- 
ing ladders  or  from  the  danger 
of  shocks  to  firemen  holding 
hose  nozzles,  streams  from  which 
might  strike  the  high-tension 
lines. 

IVlounting  of  Transformers. 
(Ml-cooled  transformers  should 
not,  in  general,  be  installed  in 
buildings,  and  an  outside  location 
is  always  preferable;  first,  be- 
cause it  keeps  the  high-voltage  i 
primary  wires  entirely  out  of  the 
building;  and  second,  because  of 
the  possible  injury  from  smoke 
and  oil  in  case  the  transformer 
burns  out  or  is  overloaded.  Figs.  50,  51,  and  52  show  transformers 
installed  on  a  pole,  on  the  outside  wall  of  a  mill  and  in  a  special  fire- 
proof vault,  respectively. 

Qrounding  of  Circuits.  One  of  two  courses  should  always  be 
followed  with  regard  to  any  electrical  connection  between  circuits 
or  apparatus  and  the  earth ;  either  arrange  to  liave  no  such  connection 
at  all,  and  secqre  good  insulation  between  live  parts  of  circuits  and 
the  earth,  or  provide  a  good  earth  connection  of  sufficient  capacity 
well  installed  to  care  for  any  current  liable  to  pass  to  earth,  either 
regularly  or  in  case  of  accident. 

In  general  it  should  be  remembered,  that  if  an  entire  electric 
circuit  including  the  generator,  lines,  and  all  connected  apparatus 
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and  devices  are  thoroughly  well  insulated  from  the  ground,  one 
accidental  ground  will  produce  no  effect  since  there  is  no  return 
path  from  the  ground  to  another  point  on  the  system.  However, 
we  cannot  be  sure  that  an  installation  will  be  kept  free  from  grounds 
even  if  originally-  so  installed,  since  wear,  deterioration  of  insulating 
materials,  breaking  of  parts  of  devices,  or  the  effects  of  dirt  and 
damp  may  bring  on  a  "ground" 
which  will  not  be  discovered 
until  a  second  ground  connection 
is  established  which  permits  cur- 
rent to  flow  with  consequent 
heating  and  arcing.  Under  such 
conditions,  the  fault  is  liable  to 
become  rapidlj'  worse.  Not  the 
least  important  thing  about  such 
failures  of  electrical  circuits,  is 
the  danger  of  injury  to  persons 
who  ma\'  become  a  part  of  the 
ground  circuit.  Thus  a  mechanic 
working  on  a  line  shaft  in  a  mill, 
by  touching  simultaneously  a  live 
part  of  the  circuit  or  a  poorly 
insulated  live  wire  and  the  shaft- 
ing, may  make  his  body  part  of 
a  path  for  the  current  to  ground. 
While  110  volts  or  220  volts 
cither  a,  c.  or  d.  c.  are  rarely 
enough  to  kill  a  person,  painful 
acci<leiits  ma\-  be  caused  directly 
i  of  441),  51)0,  or  higher  may 
readil\'  be  the  cjiuse  of  death  if  the  conditions  are  such  as  to  permit 
any  but  very  small  currents  to  ])ass  through  the  body.  While,  of 
course,  liability  of  injury  tu  pcrsims  is  not  a  "fire  hazard,"  still 
gowl  construction  should  provide  {both  in  original  installation 
and  in  upkeep)  all  ivjisoruible  protection,  to  persons  and  property. 
In  direct-current  three-wire  systems  »if  electrical  distribution, 
the  middle  or  neutral  wire  is  regularly  grounded  at  the  central  station. 
In  systems  where  the  cables  are  underground,  the  neutral  must  also 


or  indirectly  by  shock,  and   voltaj 
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be  grounded  at  each  distributing  box,  through  the  box;  and  in  over- 
head systems  the  neutral  should  be  grounded  every  500  feet.  The 
neutral  in  such  systems  is  supposed,  normally,  to  carry  either  no 
current,  or  such  small  amount  of  current  as  may  result  from  a  dif- 
ferent amount  of  power  being  temporarilj-  taken  from  the  two  oiitside 
wires.  If  in  any  system  the  neutral  is  grounded  at  all,  it  should  be 
done  thoroughly  so  as  to  prevent  the  current  escaping  to  ground 
where  the  connections  may  be  so  poor  as  to  cause  unsafe  heating. 
Two-wire  direct-current  systems  are  not  to  be  grounded  at  all. 
Suppose  in  Fig.  53  some  current-carrying  part  of  the  dynamo  D  is 
grounded,  that  is,  in  electrical 
connection  with  the  earth,  as 
through  the  bolt  and  the  damp 
wood  base  of  the  machine.  If 
this  be  all,  no  current  will  flow 
so  long  as  there  is  no  other 
ground  connection  to  any  other 
part  of  the  circuit.  But  suppose 
that  somewhere  in  the  building  a 
wire  touches  a  gas  pipe  as  at  B 
and  the  insulation  on  the  wire  at 
B  is  worn  bj'  vibration  or  is  de- 
fective for  any  reason.  The  gas 
pipe  is,  of  course,  connected  to  the 
earth  and  the  current  then  has  a 

path     through    the    pipe,     earth.  Fig.  52*  Transformer  InstBllation  in 

bolt,  base,  and  frame  of  the  ma- 
chine. The  whole  voltage  of  the  djnamo  may,  therefore,  dri\e  current 
through  this  path,  causing  an  are  to  form  at  B  between  the  wire 
and  the  pipe  which  will  burn  a  hole  in  the  pipe  and  set  fire  to  the 
escaping  gas.  E\'idently  the  greatest  pains  should  l)e  taken  to  prevent 
wires  from  coming  in  contact  with  grounded  pi]>ing  or  other  metal. 
Alternating-current  systems  almost  invariably  include  trans- 
formers in  which  the  higher  line  voltage  is  "stepped  down"  to  the 
voltage  required  for  lamps  and  motors.  Common  line  voltages  are 
1,100,  2,200,  and  3,300  volts,  while  the  secondarj-  voltages  maj-  be 
100, 110,  220,  440  or  550.  With  such  systems  as  are  commonly  used 
for  distributing  light  and  power,  it  is  now  required  that  the  sec- 
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ondary  or  low-voltage  side  be  grounded,  provided  the  maximum 
difference  of  potential  between  the  grounded  point  and  any  other 
point  in  the  circuit  does  not  exceed  150  volts  and  they  may  be 
grounded  when  this  maximum  difference  of  potential  exceeds  150 
volts.  The  ground  connection  may  be  made  either  at  the  trans- 
formers or  at  individual  service  entrances.  At  transformers  the 
connection  is  made  at  the  neutral  or  middle  point  of  the  secondary 
winding  or  coil.  With  three-wire  a.  c.  distributing  systems,  the 
neutral  wire  itself  is  grounded.  Sometimes,  when  a  neutral  point 
is  not  accessible,  one  side  of  the  secondary'  circuit  may  be  grounded. 
It  should  be  remembered 
that  a  poorlj'  made  earth  con- 
nection ma\'  be  worse  than  none. 
The  rules,  therefore,  prescribe  in 
detail  how  to  secure  good  con- 
nections. The  wire  should  be  of 
large  size  and  should  be  run  in 
as  nearlj'  a  straight  line  as  pos- 
sible, avoiding  kinks,  coils,  and 
sharp  bends  which  are  objection- 
able since  they  impede  the  flow 
of  alternating-current  or  light- 
ning discharge. 

Individual  transformers  and 
building  services  may  be  ground- 
ed to  water  pipes   by  carrying 

_ the  ground  wire   into  the  hase- 

it  Dynamu  mcnt  and  connecting  it  to  the 

street  side  of  meters,  main  cocks,  etc.,  so  that  any  resistance  which 
these  might  offer  in  the  ground  path  might  be  avoided. 

The  underwriters'  rules  give  the  following  directions  for  making 
ground  connections: 

In  connecting  a  ground  wire  to  a,  piping  ayalcni,  the  wire  should  be 
sweat  into  a  lug  attached  to  an  approved  (tlamp,  and  the  clamp  firmly  bolted 
to  the  water  pipe  after  a\\  rust  and  scale  have  been  removed;  or  be  soldered 
into  a  brasa  plug  and  the  plug  forcibly  screwed  inio  a  pi|)e-fitting,  or  where 
the  pipes  are  cast  iron,  into  a  hole  tapped  into  the  pii)e  itself.  For  large  stations, 
where  connecting  to  underground  pipes  wilh  bell  and  spigot  joints,  it  is  well 
to  connect  to  several  lengths,  as  Ihepipeioinls  may  beofral her  high  resistance. 
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Where  ground  plates  are  used  a  No.  16  Stubbe'  gauge  copper  plate,  about 
3X6  feet  in  size,  with  about  2  feet  of  crushed  coke  or  charcoal,  of  pea  size, 
both  under  and  over  it,  would  make  a  ground  of  sufficient  capacity  for  a  moder- 
ate-sized station,  and  would  probably  answer  for  the  ordinary  substation  or 
bank  of  transformers.  For  a  large  central  station,  a  plate  with  considerably 
more  area  might  be  necessary,  depending  upon  the  other  underground  con- 
nections available.  The  ground  wire  should  be  riveted  to  the  plate  in  a  num- 
ber of  places,  and  soldered  for  its  whole  length.  Perhaps  even  better  than  a 
copper  plate  is  a  cast-iron  plate  with  projecting  forks,  the  idea  of  the  fork 
being  to  distribute  the  connection  to  the  ground  over  a  fairly  broad  area,  and 
to  give  a  large  surface  contact.  The  ground  wire  can  probably  best  be  con- 
nected to  Huch  a  cast-iron  plate  by  soldering  it  into  brass  plugs  screwed  into 
holes  tapped  in  the  plate.  In  all  cases,  the  joint  between  the  plate  and  the 
ground  wire  should  be  planted  with  waterproof  paint  or  some  equivalent. 

In  the  past  few  years,  there  has  been  much  discussion  of  this 
question  of  grounding,  but  the  general  tendency  is  no  doubt  more 
and  more  in  favor  of  grounding  all  circuits  where  so  doing  will 
protect  life  and  will  not  introduce  extremely  hazardous  conditions  as 
regards  fire.  Companies  and  departments  in  charge  of  water  works 
are  urged  to  allow  the  attaching  of  ground  wires  to  their  piping 
systems  in  the  full  confidence  that  the  integrity  of  such  piping  sys- 
tems will  not  in  any  way  be  affected  whate^'e^  may  be  the  normal 
voltage.  The  following  statement  is  taken  from  the  explanatory 
notes  of  the  Associated  Factory  Mutual  Fire  Insurance  Companies: 

If  the  primary  and  secondary  coils  of  a  transformer  come  into  contact 
electrically,  the  high-voltage  primary  current  may  flow  to  the  secondary 
system.  If  this  should  happen,  the  life  of  any  one  handling  any  part  of  the 
secondary  system  would  be  endangered,  and  fires  would  probably  be  started 
by  arcs  caused  by  breaking  down  a!  the  insulation  of  the  wires  or  fittings  on 
the  secondary  system.  If,  however,  the  secondary  coil  is  grounded,  a  break- 
down in  the  transformer  cannot  cause  a  dangerous  difference  of  potential  be- 
tween the  secondary  system  and  the  ground,  and  only  with  certain  unusual 
combinations  of  contacts  between  the  primary  and  secondary  wires  outside 
of  the  transformers  will  this  protection  fail  to  prevent  the  voltage  of  the  sec- 
ondary system  from  being  raised  above  its  normal  limit.  To  secure  Ihc  full 
benefit  of  the  ground  connection,  reliable  primary  fuses  must  be  provided. 

The  middle  of  the  secondary  coil  is  the  proper  point  to  ground,  as  there 
is  then  only  half  the  normal  secondary  voltage  between  either  side  and  the 
ground,  thus  reducing  the  liability  of  a  breakdown  of  insulation  and  also 
materially  lessening  the  danger  of  lire  if  a  breakdown  docs  occur. 

There  is  an  objection  to  grounding  the  secondary  on  the  other  hand, 
for  when  this  is  done,  the  first  breakdown  of  insulation  may  mean  a  short- 
circuit  and  a  possible  fire.  With  a  system  free  from  grounds,  a  breakdown 
must  eust  on  each  side  of  the  system  ta  cause  a  short  circuit :  with  proper  de- 
tectotB  the  first  can  generally  be  found  and  r^imediod  before  the  second  occurs. 

Grounding  is,  therefore,  a  choice  of  evils,  but  in  many  eases  it  is  believed 
to  be  a  lesser  one  than  to  risk  getting  the  primary  current  on  the  secondary 
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system.  This  is  especially  true  where  the  primary  voltage  is  high,  say  3,500 
or  over.  For  this  reason  it  is  advised  that  all  transformers  be  so  designed  and 
connected  that  the  middle  point  of  the  secondary  coil  can  be  reached  if,  at 
any  future  time,  it  should  be  desired  to  ground  it. 

After  the  transformer  .secondary  has  been  properly  grounded  a  t«Bt 
should  be  made,  CBpeeiully  it  the  transformer  is  some  distance  from  the  build- 
ing supplied,  in  order  to  dcjermine  if  the  protection  expected  from  the  ground 
connection  at  the  transformer  is  really  effective  inside  the  building  in  ques- 
tion, and  if  not  the  connection  should  be  extended  to  accomplish  the  desired 


II 

'     y 

result.  Cases  huv  been  linown  where  the  (■ffecliveness  of  a  ground  connection 
has  been  limited  lo  u  comparatively  smnll  area,  due  to  the  exact  conditions 
of  the  earth  in  the  neighborhood  of  the  ground  phile  and  between  it  and  the 
point  where  the  protection  due  lo  tlie  gr<iiindinn  w.as  desired.  The  entire 
ground  connection  sliould  be  carefully  exiiniined  ;it  least  once  a  year, 

INSIDE  WORK 

I'nder  this  lieadiiip;  are  iiichnicd  tlie  rules  for  wiring  and  ap- 
pliances for  liglit,  ht'at,  and  power  distribution  and  use.    These  covct 
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the  most  general  cases  of  electrical  installations  as  they  relate  to  fire 
prevention  and  protection  in  buildings  of  all  classes.  The  installa- 
tion of  wires  and  apparatus  for  signaling  systems,  such  as  electric 
bells  (battery  current  bells),  telegraphs,  telephones,  fire  alarms,  and 
the  like,  is  not  covered  in  the  general  rules  for  "Inside  Work"  since 
they  usually  present  no  hazard  in  themselves  but  only  as  they  may 
become  dangerous  because  of  their  liability  to  become  crossed  with 
light,  heat,  or  power  wires  either  outside  or  inside  of  buildings, 
Fig.   54. 

WIRING  SYSTEMS 

The  present  approved  methods  of  electrical  work  inside  build- 
ings in  this  country  have  been  developed  through  many  years  of 
experience,  beginning  with  the  first  applications  of  electricity  for 
hghting  buildings  and  gradually  changing  as  the  possible  dangers 
became  more  generally  recognized,  and  as  improved  means  of  guard- 
ing against  them  were  devised.  In  this  development  the  efforts  of 
!  and  municipal  authorities  have  been  supplemented  by 
B  activitj'  on  the  part  of  inventors  and  manufacturers  in 
supplying  new  devices  and  materials.  The  net  result  has  been  on 
the  one  hand  an  elaboration  of  rules  and  an  approach  to  a  few  stand- 
ard systems  of  construction  and  on  the  other  hand  the  production  of 
an  almost  endless  variety  of  materials  available  for  electrical  pur- 
poses. Methods  and  materials  which  at  first  seemed  adequate  have 
become  obsolete  after  a  few  years'  use.  At  present,  however,  few 
important  changes  appear  to  be  in  progress  but  in  many  minor 
details  the  development  is  stiil  going  on. 

At  first,  electric  wires  were  laid  as  seemed  most  convenient  in 
floors,  partitions,  and  over  walls  and  ceilings,  either  in  channels  cut 
for  them,  in  wood  casings,  or  supported  on  wood  cleats  with 
almost  no  regard  to  protecting  the  wires  from  injury,  or  the 
adjacent  combustible  materials  from  being  ignited  by  overheated 
wires  or  by  arcs.  Today,  however,  these  earlier  crude  methods 
are  wholly  abandoned  and  it  is  generally  conc-aled  that  the  best 
protection  against  electrical  fires  lies  in  the  adoption  of  the  most 
approved  methods  even  when  the  first  cost  of  an  installation  is 
increased  to  some  extent.  Fig.  55  shows  some  defective  wire  joints 
as  found  In  actual  use. 

In  buildings  of  the  better  class,  the  electric  installation  is  care- 
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fully  considered  in  the  jslans,  and  provision  is  made  for  its  safety 
as  well  as  for  its  efficiencj'  and  economy.  However,  in  cheaper 
buildings,  and  very  often  in  small  stores,  apartments,  and  residences, 
the  electrical  work  is  left  to  be  arraiiRcd  as  liest  it  may  and  to  be 
installed   by   careless   workmen    without   expert   supervision.     In 


eUH^rical  matters  iis  in  uw^t  otlier  afVairs,  diciip  work  is  generally 
poor  work,  and  deviation  from  t.lie  inetliods  sliovni  by  experience  to 
be  n-liablc  are  usually  priiiriptcd  by  a  desire?  to  save  money  at  the 
expanse  of  safety  ami  iHTniaiicrntr. 

The  nit'thoil  of  briufjiriK  sn|>}ily  or  '■scrviii'"  wii-c-;  into  buildings 
naturally  demjinds  first  attention.  Wlicrc  stn^ft  mi^ir]^  an-  under- 
ground tile  lines  should,  wlierever  |M)ssible,  enter  tlirough  the  base- 
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ment  or  cellar  walb,  the  lead-covered  cables  being  carried  through 
the  foundations  through  tubea  tightly  sealed. 

Where  mains  are  overhead,  the  supply  wires  may  enter  either 
through  the  basement,  being  carried  down  the  outside  of  the  wall 
in  iron  conduit,  or  through  some  upper  portion  of  the  wall,  though 
the  former  entrance  is  almost  always  preferable.  Where  transformers 
are  used  they  may  be  on  poles  near  the  building  or  mounted  on  the 
outside  wall  in  a  substantial  manner.  An  entrance  through  a  roof, 
near  a  cornice  or  into  little  used  or  inaccessible  attics  or  lofts,  should 
be  avoided.  Where  wires  or  cables  pass  through  the  outside  walb 
there  must  be  either  iron  conduit  or  insulating  bushings  sloping 
upward  toward  the  inside,  and  the  wires  outside  must  have  drip 
loops  which  will  prevent  moisture  following  along  them  into  the  wall. 
The  fastenings  of  the  wires  to  the 
building  must  be  most  substantial 
and  good  insulators  must  be  pro%  ided 
for  the  supply  wires.  Fig.  56  shons 
the  method  where  bushings  are  em- 
ployed. If  the  entrance  is  made 
through  conduit,  the  inner  end  of  the 
conduit  should  always  be  extended  to 
the  service   fuses.     At    the   nearest 

,         ,        ,       .,  |.  ^^*'  **"■      ivietiUKi  oi   using  DuaaiDfll 

accessible  place  in  the  building  must 

be  placed  what  are  called  the  service  fuses  and  the  service  switch. 
The  switch  is  usually  of  the  knife-blade  pattern  and  must  be  such 
as  to  cut  off  all  the  wires.  Single-pole  switches  must  never  be  used 
as  service  switches.  The  purpose  of  service  switches  is  to  provide 
means  for  cutting  off  current  for  repairs  or  in  case  of  fire  or  other 
accident.  The  service  fuses  should  be  placed  between  the  service 
switch  and  the  mains  to  the  outside  of  the  building.  Their  purpose  ■ 
is  to  protect  all  the  wires  inside  the  building  from  overloads,  and 
they  should  be  such  as  to  melt  or  "blow"  with  current  not  much 
in  excess  of  the  normal  full  current  likely  to  be  taken  by  the  entire 
installation  which  the  ser\'ice  supplies. 

Service  switches  and  fuses  take  many  forms,  from  a  pair  of 
small  "plug  fuses"  and  knife  switch  on  a  porcelain  base  to  quite 
elaborate  switchboards  which  carry  both  these  and  other  sub-fuses 
for  the  main  circuits  within  the  building.    The  same  principle,  how- 
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ever,  applies  to  all ;  all  wires  must  be  protected,  the  service  entrance 
must  be  accessible  and  fuses  must  be  of  proper  capacity.  From  the 
service  switch  the  lines  usually  extend  through  meters  to  distribution 
centers  which  are  panels  from  which  the  several  sub-circuits  branch 
off  to  lamps  or  motors  through  the  building.  Fig.  57  shows  such  a 
center.  There  may  be  only  one  such  center  in  a  small  installation, 
or  in  a  larger  one  there  may  be  a  main  distributing  panel  and  numer- 
ous smaller  ones  at  various  places  in  the  risk. 

General  Rules  on  Wires.     Size.     No  wire  smaller  than  No.  14 
B.  &  S.  gauge  is  allowed  (except  in  fixtures  and  for  pendant  or  flexi- 
ble cord)  since  no  smaller  size  has  both  the  conductivity  and  also  suf- 
ficient merhanical  strength  to  stand  the  strains  of  installation  and  use. 
Joints    and    Splices. 
All   joints    and  splices 
must    be    made    both 
mechanically  and  elec- 
trically secure  and  then 
JU^I^^^^^HHSHHI^I^E  ^''  sotdeTed  except  when 

fi'^^^^^^^^P^MCr'tml^M—  pro\'ed  splicing  devices 

is  used.  For  general 
wiring,  the  underwriters 
have  never  found  any 
equi\'alent  for  good  sold- 
ered joints  when  all  the 
possible  effects  of  cor- 
rosion, alternate  heat- 
ig, ,         sinmiiiiB   one   or   ,iirnin«    ircui  ing  and  cooling,  vibra- 

tion, and  mechanical  strains  arc  considered.  The  neatness  and 
thoroughness  of  the  soldered  joints  are  two  of  the  best  general  in- 
dications of  the  excellence  of  the  workmanship  on  any  job.  After 
being  soldered  wire  joints  must  be  covered  with  an  insulation  equal 
to  that  at  other  plac'es  on  the  conductors.  This  is  usually  done  by 
winding  the  joints  with  a  good  pure  rubber  tape  o\'er  which  is  wound 
a  "friction  tape"  of  fabric  impregnated  with  a  compound. 

Wires  in  Walls,  Flimrs,  etv.  \^'ires  must  alwa>'s  be  separate^ 
front  walls,  floors,  timbers,  and  partitions  by  non-contbustible,  non. 
absorptive,  insulating  tubes  such  as  glass  or  porcelain  and  must  be 
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kept  free  from  all  contacts  with  pipes  or  any  conducting  material. 
This  general  rule  is  established  without  any  reference  to  the  insula- 
tion which  is  on  the  wires  themselves,  the  idea  being  that  the  insula- 
-  tion  of  the  conductors  from  each  other  and  from  other  conducting 
materiab  must  be  sufficient  to  furnish  the  necessary  protection  in 
case  the  wire  coverings  are  defective  or  become  injured  in  any  way. 
This  principle  does  not,  however,  prevent  the  wires  being  drawn  into 
metal  conduits  which  are  specially  designed  as  wire  raceways,  nor 
can  it  apply  to  fixtures  in  which  the  wires  must  be  in  the  metal  sterna 


Fig.  5S.'  Approved  Overhead  Wiring 

and  arms.  For  such  cases  special  rules  are  established.  Fig.  58 
shows  a  good  example  of  overhead  wiring  in  which  an  iron  pipe  may 
be  seen  protecting  wires  up  the  post,  wliile  the  wires  on  ceiling  and 
around  beams  are  very  well  arranged  and  supported. 

In  damp  or  wet  places,  the  relative  arrangement  of  pipes  and 
wires  should  be  such  that  the  wires  cannot  touch  the  pipes  and  so 
that  water  cannot  drop  from  the  pipes  on  the  wires.  The  subject  of 
electrical  work  in  damp  places  will  be  considere<l  In  another  place. 

Carrying  Capacity.  The  Code  prescribes  the  maximum  cur- 
rent which  shall  be  carried  on  copper  wires  of  different  sizes. 
This  table,  which  has  been  recently  somewhat  revised,  was  originally 
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based  upon  an  elalx)rate  series  of  careful  experiments.  Table  III 
gives  the  revised  figures  for  nibber-coverecl  wires,  and  for  all 
types  of  wire  insulation  such  as  slow-burning  and  weatherproof 
braids. 

The  table  for  rubber-covered  wires  is  lower  than  the  other  be- 
cause high  temperatures  such  as  might  result  from  a  wire  carrying 
too  much  current  have  a  harmful  effect  on  the  insulating  properties  of 
rubber.  The  table  is  for  indoor  work  only.  It  is  stated  that  for  any 
given  size  of  wire,  a  current  about  three  times  as  great  as  that  ^ven 
in  Table  III  will  cause  all  ordinary  insulations  to  smoke.  The  table 
does  not  consider  the  question  of  drop  as  it  is  called.  Thus  in  Fig. 
59,  suppose  Z)  is  a  dynamo  supplying  current  to  ^,  a  motor  250  feet 
away  from  it,  and  suppose  the  motor  requires  90  amperes  at  220  volts. 
From  Table  III  it  is  seen  that  No.  2  wire  could  be  used.  But 
some  power  is  lost  in  driving  the  current  through  the  500  feet  of 
line  wire  and,  if  the  wire  is  small,  its  resistance  will  be  large  and  so 
more  power  will  be  "lost  on  the  line  wires."  The  part  of  the 
<lynamo  voltage  required  to 
drive  the  working  current  over 
the  supply  wires  is  called  the 
"drop."  Suppose  it  is  pre- 
scribed that  the  drop  shall  not 
I.  sor-cii  H     1^  ^^pj.  ^        ^g^j  ^£  jjig  total 

FLg.  SB.     Simple  Electric  Power  Circuit  ,  >,  ,  „ 

\oitage.    t)ne  per  cent  of  220 

volts  is  2.2  volts.    The  current  in  the  line  equals  the  voltage  to  force 

the  current  over  the  line  divided  by  the  ohms  resistance  of  the  line. 

2.2 
In  this  case  90  =  ^-^-^ — ■ — ,  or  resistance  of  the  500  feet  of  wire 

.        „ ^  „.■  .024  ohms.    From  a  suitable  wire 

table  it  will  be  found  that  a  No.  0000  wire  will  he  required.  Thus 
the  necessity  of  keeping  the  Io.'b  of  power  low  on  the  line  may  neces- 
sitate the  use  of  a  larger  wire  than  would  Ik;  needed  for  safety  under 
the  underwriters'  rules. 

Constant-Current  Systems.  The  nature  of  these  has  already 
been  explained  on  page  KJ.  Such  systems  are  use<l  nowadays  almost 
exclusively  for  street  lighting  with  arc  lamps  and  the  voltage  runs 
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TABLE  [[[ 
Carrying  Capacity  of  Wires 


B.  *B.G. 

i":,'^;, 

Other 
Ampcrea 

Qrcular 
Mils 

IS 

3 

5 

1,621 

16 

6 

10 

2,.5«3 

14 

ir. 

20 

4,107 

12 

20 

25 

6,530 

10 

25 

30 

10,380 

8 

35 

50 

16,510 

6 

.TO 

70 

26,2.50 

5 

55 

80 

33.100 

4 

70 

90 

41,740 

3 

80 

100 

52,630 

2 

00 

12.'-. 

66,370 

1 

100 

150      . 

83,690 

0 

125 

200 

lft5,500 

00 

150 

225 

133,100 

000 

175 

275 

167,800 

0000 

225 

325 

211,600 

Orcular  Mils 

200,000 

200 

300 

300,000 

275 

400 

400,000 

325 

500 

500,000 

400 

600 

600,000 

450 

680 

700,000 

500 

700 

800,000 

550 

840 

900,000 

600 

i)20 

1,000,000 

6.i0 

1,000 

1,100,000 

690 

1,080 

1,200,000 

730 

1,150 

1,300,000 

770 

1,2'20 

1,400,000 

810 

1,290 

1,500,000 

850 

1,360 

1,600,000 

890 

i,4;w 

1,700,000 

930 

1,490 

1,800,000 

970 

1,550 

1,900,000 

1,010 

1,610 

2,000,000 

1,050 

1,C70 
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from  2,000  to  3,300  volts.  The  arc  lamps  on  such  circuits  are  arranged 
so  that  each  Hue  has  enough  lamps  in  series  to  use  the  available 
dynamo  or  transformer  voltage  allowing  the  necessary  margin  for 
regulation. 

The  high  voltages  generally  employed,  call  for  the  very  best 
insulation  and  only  rubber-covered  wire  should  be  used;  all  wires  in 
buildings  must  be  in  plain  sight  and  never  encased.  The  bringing 
of  such  circuits  into  buildings  is  not  very  general  and  arc  lamps 
designed  to  be  connected  in  multiple  on  ordinary  low-voltage  circuits 
are  much  to  be  preferred. 

There  are  special  rules  for  series  arc-lamp  wiring  in  buildings 
which  cover  the  method  of  bringing  supply  wires  through  the  walls, 
provision  for  a  special  form  of  switch  at  points  where  the  lines  enter 
and  leave  the  building,  requirement  for  1  inch  separation  between 
wires  and  the  surfaces  over  which  they  pass  and  8  inches  from  each 
other  and  extra  protectimi  of  all  wires  by  running  boards  or  guard 
strips.  The  service  switch  required  on  constant-current  systems 
must  be  a  douhle-coutact  switch,  that  is,  it  must  be  so  arranged  as  to 
first  place  a  cross  coimcction  or  short-circuit  on  the  lines  into  the 
building  and  then  disconnect  these  lines  from  the  supply  altogether. 
This  leaves  the  circuit  unbroken,  but  cut  out  of  the  building.  An 
attempt  to  actually  break  the  circuit  would  be  sure  to  cause  a  very 
ilcstructive  arc.  Scries  arc  lamps  must  lie  carefully  isolated  from  all 
inflammable  stuff  and  unless  they  are  of  the  "enclosed  arc"  type 
must  be  provided  with  screens  and  nets  to  prevent  the  escape  of 
sparks  from  the  carbon  or  melted  copper.  All  connections  must  be 
made  ill  a  most  reliable  manner  and  In  all  series  are  work  it  must  be 
rcmen]lK're<l  that  the  \()ltafrc  across  any  break  in  the  circuit  is  very 
high  and  will  cause  very  severe  arcinj;. 

Incan<iesceiit  lamjis  are  not  generally  connected  to  series 
circuits  since  their  use  inviilvrs  an  automatic  cut-out  at  each  lamp 
which  will  shunt  t!ic  current  around  the  lamp  in  case  the  lamp  be- 
comes loose  or  its  filament  breaks.  These  devices  are  expensive, 
difficult  to  keep  in  order  an<l  f,'eiicrally  undesirable.  Formerly,  com- 
binations of  incandescent  liini]>s  on  scries  circuits  were  used, 
consisting  of  grou])s  of  lamps  in  series  or  in  multiple,  but  these 
arraiiRements  are  not  now  In  use  and  are  forbidden  In  the  rules.  It 
is  evident  that  iucandesci'iit  lamps  on  series  circuits  should  never  be 
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allowed  on  gaa  fixtures  since  an  arc  to  the  grounded  gas  pipe  would 
be  very  severe  and  would  be  liable  to  burn  through  the  pipe  and 
ignite  the  escaping  gas. 

Constant-Potential  Systems.  The  character  of  these  systems 
has  been  explained  on  page  12.  Almost  all  systems  for  light  and 
power  in  buildings  of  all  sorts  are  of  this  type.  The  most  common 
are  110-volt  two-wire  direct-current  systems;  three-wire  systems 
n-ith  220  volts  between  outside  wires  and  110  volts  between  the 
neutral  and  either  outer  wire;  500-  to  600- volt  d.  c.  street  and  elevated 
railroad  systems  with  "ground  return";  440-  to  000-volt  a.c.  systems 
for  motors.  In  addition  there  are  1,100-,  2,200-,  and  3,300-volt 
a.  c.  power  circuits  and  the  so-called  a.  c.  transmission  lines  at  all 
voltages  from  1,000  up  to  80,000  or  100,000  volts.  While  occasionally 
a.  c.  motors  are  made  for  direct  operation  at  1,100  or  2,200  volts, 
in  general  for  voltages  above  600  volts,  alternating-current  trans- 
mission lines  are  employed  which  are  connected  to  transformers  at 
the  factories  or  mills  where  the  power  is  used  and  which  "step-ilown" 
the  voltage  to  440  volts  or  some  other  voltage  which  can  conveniently 
be  used  in  the  motors  and  for  lighting  purposes.  Both  the  primary 
and  secondary  circuits  in  this  case  are  constant  potential  systems. 

In  street  railway  work  large  machines  called  rotary  converters 
are  employed  which  are  driven  by  the  high-voltage  alternating 
current  from  transformers  connected  to  the  transmission  lines  and 
which  deli\'er  direct  current  at  about  600  volts  to  the  trolley  system. 
Such  rotary  converters  are  usually  placed  in  substations  so  located 
as  to  conveniently  and  economically  supply  the  different  sections  of 
a  city.  A  similar  practice  is  followed  in  cities  where  direct  current 
is  to  be  furnblied  for  general  lighting  and  power,  and  the  original 
generating  station  is  more  or  less  remote.  Such  substations  come 
under  the  same  rules  as  generating  or  dynamo  stations. 

All  so-called  isolated  plants,  that  is,  plants  in  individual  factories 
or  large  buildings,  are  constant-potential  systems  also.  In  the 
underwriters'  rules  constant-potential  sj'stems  are  subdivided  into 
Itm  polential  systems  up  to  550  volts;  high-potential  xystevis  550  to 
3,500  volts;  and  ertra-high-potential  systems  over  .3,500  volts.  Of 
these  the  low-potential  systems  are  of  most  imiwrtance  since  they 
include  the  very  great  majority  of  equipments  for  using  electricity 
in  buildings  for  light,  heat,  and  power. 
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Switches,  fuses,  and  circuit  l)rcakers  may  all  be  described  as 
arcing  devices,  that  is,  their  operation  always  produces  an  arc. 
This  are  may  be  small  or  large  but  it  is  impossible  to  break  a  circuit- 
carrying  current  without  some  arc  even  if  it  is  so  small  that  it  is  a 
mere  spark.  The  duration  and  intensity  of  an  arc  depends  upon  the 
strength  and  voltage  of  the  current,  the  rapidity  with  which  the  gap 
in  the  circuit  is  widene«I,  and  the  design  and  condition  of  the  arcing 
device,  switch  or  fuse.  Dust  or  inflammable  gases  may  be  ignited 
by  an  arc  trf  sufficient  intensity.  No  arcing  de\-ice,  therefore,  should 
be  placed  near  easily  ignitible  stuff,  or  exposed  to  inflammable  gases, 
or  dust,  or  flyings  of  any  combustible  material.  When  so  exposed,  as 
in  flour  mills,  textile  mills,  etc.,  nil  switches  and  fuses  should  be  en- 
closed in  dust-tight  boxes  or  cabinets.  Open-link  fuses  are  espe- 
cially liable  to  flash  vioientiy  and  throw  out  molten  metal  and  they 
must,  therefore,  be  gi\'en  special  attention,  and  should  never  be 
installed  outside  of  proper  cabinets  excejjt  on  switchboards  in  fire- 
proof rooms,  such  as  engine  rooms,  generating  stations,  or  where 
they  will  be  under  con,staiit  and  exjiert  sujMjrvision.  Even  in  ordi- 
narj'  rooms,  houses,  stores,  or  factories,  where  there  is  no  dust  or 
combustible  filings  in  the  air,  it  ip  much  better  to  have  all  knife 
switches  and  all  fuses  placed  in  cabinets  to  ]jrevent  accidental  short- 
circuits,  caused  by  layitig  a  metal  object  across  the  exposed  parts. 

Switches  immersed  in  oil  are  in  common  use  for  large  currents 
and  are  quite  safe  as  regards  arcing,  though  the  oil  involves  a  certain 
hazard  since  it  is  combustible. 

It  should  be  rememliered  that  any  switch  or  circuit  breaker 
which  is  automatic,  that  is,  whicli  is  not  ojieratcd  by  hand  by  a 
person  at  the  actual  de\ice  itself,  requires  better  protection  since  in 
case  of  failure  the  arcing  ma\-  be  severe  and  no  one  may  be  at  hand 
to  take  the  nwdful  ste]>s  to  prevent  its  starting  a  fire.  Such  auto- 
matic current-breaking  dexices  including  time-switches  worked  by 
clocks,  sign  flashers,  and  the  like,  shoidd  always  be  enclosed  in  very 
substantial  non-coinbustible  cases  or  cabinets  of  amjtie  size  and  so 
arranged  that  they  are  not  liable  to  be  left  ojien. 

Switches.  The  general  requirements  for  ser\'ic'e  switches  have 
already'  Ix^n  discussed.     While  it  is  true  that  the  service  switch 
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and  a  switch  for  every  motor  are  the  only  ones  that  are  absolutely 
required  by  the  rules,  still  convenience  and  economy  of  operation 
naturally  call  for  a  number  of  switches  in  practically  everj-  installa- 
tion, and  the  correct  placing  of  them  becomes,  therefore,  a  matter 
of  importance.  The  description  of  some  of  the  verj'  numerous  types 
of  switches  will  be  given  later  in  this  book,  but  we  consider  here  the 
general  rules  for  installing  all  types. 

As  a  general  principle,  switches  must  always  be  placed  in  dry, 
accessible  places  and  it  is  well  to  group  them  together  so  far  as  pos- 
sible for  the  reason  that  this  will  often  reduce  the  amount  of  wiring 
and  also  render  it  easier  to  use  them  in  case  of  need. 

Knife  Su-itcHes.  Knife  switches  consist  of  copper  blades,  one 
for  each  pole,  hinged  at  one  end  to  copper  clips  or  posts  and  closing 
at  the  other  into  other  clips.    Where  such  a  switch  is  made  to  close 


into  clips  at  only  one  side  of  the  hinge  end  it  is  called  a  singie-ihrow 
switch  and  where  the  blades  can  be  thrown  into  clips  at  either  side 
of  the  hinge  it  is  called  a  double-throw  switch.  Single-throw  switches 
must  always  be  installed  so  that  gravity  will  tend  to  open  rather 
than  close  them  since  otherwise  they  might  fall  and,  by  only  partly 
closing,  cause  arcs  and  burning.  Double-throw  .switches  may  be 
installed  so  that  the  throw  is  either  vertical  or  horizontal  as  preferred. 
Fig,  60  shows  a  double-pole  single-throw  switch  and  a  triple-pole 
double-throw  switch  correctly  placed  and  a  single-pole  single-throw 
switch  wTongly  placed. 

Whenever  practicable,  knife  switches  should  be  so  wired  that 
the  blades  will  be  dead  when  the  switch  is  open  as  this  leaves  less 
exposed  live  metal  and  also  makes  it  easier  and  safer  to  make  any 
repairs  or  adjustments  of  the  switcli  blades  and  hinges.  In  Fig.  CI 
if  the  supply  wires  (from  the  service  or  dynamo)  enter  at  the  top 
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and  the  lamps  are  connected  from  the  bottom  of  the  switch,  the 
blades  will  be  dead  when  the  switch  b  open.  If  the  arrangement  is 
reversed,  the  switch  blades  will  be 
connected  to  live  wires  all  the 
time,  whether  the  switch  is  open 
or  closed.  The  illustration  also 
shows  an  excellent  type  of  cast-iron 
cabinet  for  such  a  switch  combina. 
tion. 

Surface  Snap  Su-itches.  These 
are  the  common  porcelain  base 
switches,  usually  round  in  shape 
and  having  metal  covers  with  the 
operating  handle  at  the  center. 
They  are  commonly  mounted  on 
side  walls  and  the  wires  are 
Fig.  61.  Approved  M.t.i  s-iieh  B.i  brought  into  them  from  the  back. 
It  is  not  possible  to  fasten  them  very  securely  to  a  lath-and-plaster 
wall  unless  some  block  is  provided  for  the  screws  to  be  driven  into. 
For  this  reason,  wherever  possible,  at  all  switch  or  fixture  outlets, 
a  J-inch  block  must  Ik  fa.stened  between  studs  or  floor  timbers  flush 
with  the  back  of  lathing  to  hold  tubes,  and  to  support  switches  or 
fixtures.  When  this  cannot  l)e  done,  wood  base  blocks,  not  less 
than  4  inch  in  thickness,  securely  screwed  to  lathing,  must  be  pro- 
vided for  switches,  and  also  for  fixtures  which  are  not  attached  to 
gas  pipes  or  conduit.  Figs.  02  and  (53  show  these  blocks  with  the 
wires  brought  through  them  and  through  the  lath  and  plaster  in  short 
lengths  of  flexible  tubing.  The  switches  can  thus  be  firmly  screwed 
to  the  blocks  and  the  wires  cunnected  tt)  them. 


If  snap  switchi's  are  used  with  exiwscd  wiring  on  cleats,  there 
must  be  a  porcelain  sub-liasc  under  each  switch  so  made  that  the 
wires  will  be  kept  J  inch  from  the  surface  wired  over.     A  siinilar 
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sub-base  must  be  used  where  such  a  switch  is  used  with  wood 
molding,  but  in  this  case  it  may  be  of  hard  wood  instead  of  porcelain. 
Figs.  64  and  65  show  how  this  is  done. 

Flush  SwUchea.  These  are  made  to  be  inserted 
into  walls  so  that  only  the  operating  push  buttons 
or  handle  will  extend  out  beyond  the  surface,  and 
are  now  in  verj'  general  use.  Inasmuch  as  their 
operating  parts  are  conceale»l  In  the  wall  they 
should  invariably  be  set  into  small  steel  boxes 
through  the  back  of  which  the  wires  may  enter 
either  through  lengths  of  flexible  tubing  or  through 
iron  conduit.  The  same  requirement  applies  to  all 
small  fittings  such  as  receptacles  from  which  flexi- 
ble cords  are  run  to  heaters  and  other  portable  de- 
vices. Fig.  66  is  a  sketch  of  such  a  switch  box  set 
into  a  lath-and-plaster  wall.  The  sketch  shows  the 
box  as  it  would  appear  from  the  back  of  the  wall. 
Where  it  is  desired  to  control  the  same  electric 
lamps  from  either  of  two  switches  at  different  places, 
what  are  called  tkree-way  switches  are  installed. 
These  are  chiefly  used  in  residences,  as  for  the  control  of  hall  lights 
_from  either  upstairs  or  downstairs.  Under 
"the  rules  these  are  classed  as  single-pole 
switches  and  are  preferabl\'  wired  so  that  only 
one  main  of  the  circuit  is  carried  to  either 
switch.  Three-way  switches  are  usually  of  the 
common  round-surface  porcelain-base  type  or 
push-button  wall  variety.  Fig.  07  gives  a  dia- 
gram of  the  way  to  connect  thi-m. 

Fuses  and  Circuit  Breakers.  These  ma\- 
be  compared  with  "safct\'  valves"  on  .steam 
boilers,  that  is  to  say,  they  are  priniaril\'  ile- 
signed  to  act  in  case  of  an  improper  coinlitinii 
of  affairs  and  prevent  by  their  automatii*  intiuu 
any  serious  trouble  resuhinR.  Ahlmiicli  tlii- 
is  the  pmpose  of  fuses  and  nviTloinI  ririuii 
breakers,  it  is  altogether  tuin'iiiiniiMii  Iit  ii-'t; 
of  electric  current  to  mi^iiM-  Uuiii,  iimi  -•■  ■:■- 
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stray  the  protection  intended.  It  is  evident  that  a  fuse  which  is  so 
large  that  it  will  not  melt  until  a  current  passes  through  it  which  is 
far  too  large  to  be  safely  carried  by  the 
wires  or  other  parts  of  the  circuit,  is 
worthless.  The  fusible  part  of  a  fuse  is 
usuallj'  a  strip  or  wire  of  soft  lead  or 
zinc  of  such  size  that  if  any  considerable 
current  o\'er  that  for  which  it  is  designed 
passes  through  it,  it  will  melt  off  and  so 
open  the  circuit.  Whenever  a  fuse  of  the 
proper  size  for  its  circuit  blows  or  melts, 
the  first  thing  to  be  done  is  to  seek  out 
the  cause,  for  the  operation  of  the  fuse  is 
/;r<w/that  there  is,  or  has  been,  something 
wrong.  Thus  if  in  a  house  a  lighting- 
circuit  is  properly  protected  by  6  ampere 
arm-iiMUriariiiion  hiscs  and  thesc  fuses  blow,  one  may  be 

sure  that  more  than  fi  amperes,  and,  therefore,  more  tkun  a  safe  current 
has,  for  some  reason ,  traverse*!  the  wires  for  a  time  long  enough  to  melt 
the  small  fuse  strip.  Now,  unless  this  excess  of  current  was  due  to 
some  momentary  accident,  known  and  recognized  as  such,  the  same 
condition  that  once  allowed  the  unduly  large  current  to  flow  probably 
still  exists,  and  until  tliis  trouble  is  sought  out  and  remedied,  the 
same  unsafe  condition  exists.  It  is,  therefore,  \ery  unwbe  to  replace 
the  blown  fuses  with  some  of  larger  current-carrying  capacity,  for 


i"i'i'i'i>'i 


this  is  merely  reducing  the  protection  without  removing  the  source 
(if  danger. 

Still  worse  is  it  to  rejilace  blown  fuses  by  fuses  which  have  been 
filled  up  with  metal,  or  across,  or  through  which,  extra  metal  strips 
have  been  fastened  in  a  misguided  attempt  to  keep  the  fuses  from 
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blowing  again.  One  might  as  reasonably  tie  down  a  steam  boiler's 
safety  valve.  These  principles  when  thus  stated  appear  very  ele- 
mentary and  self-evident  and  jet  the  misuse  and  abuse  of  fuses  is, 
perhaps,  the  commonest  fault  observed  in  the  maintenance  of  electric 
installations.  The  only  reason  that  disaster  does  not  always  follow 
ignorant  or  culpable  misuse  of  fuses,  is  to  be  found  in  the  fact  that 
wires  and  other  parts  of  the  system  are  installed  with  a  fairly  large 
margin  of  safety.  This  does  not,  of  course,  in  any  degree  justify 
over-fusing  circuits  or  tampering  with  fuses  or  other  safeguards, 
and  insurance  inspectors  should  not  tolerate  any  deviation  fn)m 
standard  rules  for  the  protection  of  circuits  or  fail  to  demand  the 
use  of  only  approved  protective  devices  of  proper  rating  for  every 
orcuit.  Fig.  68  shows  some  fuses  which  have  been  "doctored"  in 
ways  unfortunately  all  ton  common. 

The  following  excellent  statement  is  taken  from   the   book   of 
rules  of  tlie  Associated  Factory  Mutual  Companies: 


Specifications  for  fuses  require  that  they  shall  be  rated  at  a  certain  per 
cent  of  the  maximum  current  which  they  will  carry  indehnitelj  at.  followH: 
Link  fuses  80  per  cent  and  enclosed  fuses  90  per  cent  The  marRin  thus  pro- 
vided between  the  rating  of  the  fuse  and  its  actual  melting  point  will  permit 
Ihe  ordinary  Huctuulions  in  current  without  opening  the  circuit  If  fuses 
selected  to  conform  to  the  aboic  rule  arc  not  Urge  enough  to  (  irr\  the  load, 
it  18  eMdenI  that  Ihe  wires  also  are  overloaded  ind  (itlier  the  loid  ■■hould  be 
diminished  or  the  size  of  the  wire  mere  tvcd 

Circuit  breakers  art  so  seiibili\e  that  it  is  often  nwo^H.irj  to  set  them 
much  above  the  ordinary  current  to  keep  th<m  from  btmg  lon-tjiith  ojiened 
by  momentary  rises  in  the  current  such  as  might  ho  causml  h^  start  ing  a  motor 
or  by  a  nse  m  the  voltage  of  the  dynamo  due  to  a  sudden  detriuae  of  load. 
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When  thiH  is  the  case,  a  fuse  may  be  necessary  to  protect  the  wire  from  » 
steady  current  above  the  safe  carrying  capacity  of  the  wire  but  below  the  point 
at  which  the  ciri^uit  breaker  is  set  to  open.  Tlie  fuse  requires  a,  Uttle  time  to 
heat,  and  so  docs  not  melt  with  the  momentary  rises  of  current  which  would 
open  thf^  cireuit  brcaltcr  if  it  were  set  as  low  as  it  would  have  to  be  if  the  fuses 
were  not  provided. 

It  has  already  been  pointeil  out  that  "service  entrances"  must 
be  fused,  that  is,  there  must  be  a  fuse  in  each  wire  where  the  current 
supply  is  brought  into  a  building.  An  exception  is  made  in  the  case 
of  three-Bire  (not  three-phase  a.  c,  however),  systems.  In  these  the 
fuse  may  be  omitted  in  the  neutral  wire,  provided  this  wire  is  of 
equal  carrying  cai>acity  with  the  outside  wires  and  is  reliafily  grounded, 
since  in  such  a  three-wire  system  the  neutral  wire  cannot  under  any 
condition  carry  metre  current  than  either  of  the  outside  wires;  the 
fact  that  it  is  grounded  adds  a  certain  safut\-,  because  it  is  espe- 
cially dcsiraltle  that  the  neutral  should  not  be  opened  unless  the 


outside  wires  lire  nhu  opened,  as  might  occur  if  a  neutral  fuse  alone 
blew,  or  wiiH  removed  without  the  others  also  opening.  Fig.  69 
illustrates  this  ixiint.  When  the  fuse  in  the  neutral  at  N  is  in  place, 
lamps  A  can  have  only  IH)  volts  across  them  and  lamps  B  the  same, 
but  if  the  fuse  A'  is  removed,  the  group  A  will  be  in  series  with  the 
);roup  li  across  the  220  volts  of  the  outside  wires,  and  as  there  are 
4  lamps  at  .1  arul  otiIv  2  at  /{,  tlie  resistaiia-  and  volts  drop  across  A 
will  lie  only  (tne-ludf  flic  n'sistaiiee  and  dn)p  across  B.  Thus  A 
will  j;et  only  oiie-tliir<I  of  22(1  v.ilts  or  7S.:!  volts,  and  B  will  get  146.7 
volts.  The  lamps  /{  will  thus  hum  ocer  hrirjht  or  even  burn  out,  and 
those  Ml  .1  will  he  dim.  Of  course,  if  there  were  the  same  number  of 
lamps  at  .1  as  at  H,  it  would  nuike  no  difi*crcn<-e  whether  the  neutral 
wire  were  ojn'ri  or  not,  hut  when  the  sy.stom  is  iiiibiilanced  as  in  Fig. 
tii)  it  is  better  to  a\oid  ha\'ing  the  uoutra!  ojwned  and,  therefore. 
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the  fuse  in  it  is  often  omitted,  and  the  wire  carried  through  unbroken. 
Beyond  the  service  entrance  fuses  and  switch,  the  circuits  are 
usually  divided;  thus  in  a  house  several  circuits  of  smaller  wire  will 
lead  to  the  lights  on  the  different  floors,  or  in  a  larger  building  or  a 
factory,  sub-mains  will  be  carried  up  to  the  distributing  centers 
through  the  building  from  which  in  turn  smaller  wires  will  branch 
out.  The  proper  proportioning  of  these  cables  and  wires  for  the 
economical  dbtribution  of  current  is  a  problem  for  the  electrical 
engineer.  The  point  to  be  noted  here  is  that  fuses  or  breakers  must 
be  placed  at  every  point  where  a  change  is  made  in  the  size  of  wire 
unless  the  fuse  next  back  will  also  protect  the  smaller  wire.  The 
rated  capacity  of  fuses  must  not  exceed  the  allowable  carrying  capacity 


of  the  wire  as  given  on  page  65,  and  circuit  breakers  must  not  be  set 
more  than  30  per  cent  above  the  capacity  of  the  wire  unless  a  fuse 
is  also  used,  when  they  may  besctllH)  percent  higher.  Fig,  70  shows 
the  sizes  of  wire  and  the  f\isc  arrangement  for  a  tjpical  case.  The 
arc  lami>s  require  30  amperes,  the  20  incandesc'ent  lamps  10  amperes, 
and  the  motor  has  a  full  load  current  of  2(1  amperes.  The  motor, 
however,  must  have  leads  for  25  i»er  cent  abo\-c  full  load  current  or 
25  amperes  or  No.  10  wire.  Allowing  GO  amjieres  for  the  total  normal 
current  the  service  fuses  at  -J  might  he  00  amjieres  and  tlie  wires 
next  beyond  them  No.  4.  The  other  «irc  sizes  arc  shown  and  the 
fuses  would  have  to  be  placed  as  shown  and  have  the  following 
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ratings:  B,  30  amperes;  C,  10  amperes;  D,  30  amperes;  E,  20  am- 
peres; and  F,  10  amperes.  The  10-ampere  fuses  are  required  at  C  and 
F,  because  by  a  special  rule  mentioned  below  this  is  the  limit  for  fuses 
for  branch  circuits  at  110  volts  supplying  incandescent  lamps.  A 
pair  of  fuses  is  also  required  for  each  arc  lamp  and  these  would  in  the 
case  shown  usually  be  of  a  10-ampere  rating.  If  circuit  breakers 
were  substituted  for  the  motor  fuses  at  E  they  should  be  set  to  open 
at  not  over  30  per  cent  above  the  capacity  of  No.  10  wire  or  about  31 
amperes. 

It  will  frequently  be  found  necessary  to  provide  cut-outs  where 
taps  are  taken  from  large  mains.  In  such  cases,  if  the  clamps  on  the 
cut-outs  are  not  sufficiently'  large  and  strong  to  give  a  firm  and  secure 
connection,  a  short  length  of  smaller  wire  may  be  soldered  to  the 
main  wire  and  then  carried  direct  to  the  cut-out,  which  should  be 
located  as  near  as  possible  to  the  point  of  connection  with  the  mains. 
Special  care  should  be  taken  to  guard  these  leads  from  accident  as 
they  may  not  be  pniperjy  protected  by  the  fuses  in  the  main  circuit. 

Fuses  are  always  installed  in  pairs  {or  sets  of  3  on  three-wire 
circuits),  so  that  each  side  of  the  circuit  is  fused  for  the  reason  that  a 
"ground"  or  "cross"  might  occur  so  as  to  cause  a  large  current  to  flow 
over  a  path  not  including  any  fuse.  Furthermore,  fusing  both  sides 
gives  a  much  greater  factor  of  safety  and  insures  protection  under 
all  conditions. 

In  inntalling  incandescent  lamps,  fuses  must  l»e  so  placed  that. 
no  set  of  lamps  requiring  more  than  ()(tt)-watts  iM>wer  will  be  depend- 
ent on  a  single  jiair  of  fuses.  Some  city  rules  state  this  in  terms  regu- 
lating lamp  sockets  or  receptacles,  and  limit  the  number  of  such 
sockets  since  this  amounts  to  about  the  same  thing.  The  purpose 
of  this  rule  is  to  secure  such  a  subdivision  of  the  fuses  that  no  very 
large  currents  can  flow  for  any  long  time  over  any  part  of  the  small 
wiring  without  oiH-nirig  a  fuse  and  tiius  the  eflects  of  a  short-circuit 
or  other  accident  will  he  very  much  minimized.  Suppose  we  had  a 
long  line  of  Xo,  10  wire  protected  hy  25  am|K're  fuses  on  a  UO-voit 
circuit,  and  oO  hicandcsoent  lamps  in  multiple  on  this  line  with  no 
other  fuses.  Suppose  also  that  only  one  of  the  lamps  were  burning. 
Now  if  tills  lump  were  hung  on  a  flexible  cord  and  a  "short-circuit" 
occurred  on  tlie  cord  or  in  the  lamp  socket,  we  should  have  to  wait . 
until   the  short-circuit  became  severe  enough  to  allow  about  30 
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amperes  of  current  to  flow  before  the  25-ampere  fuses  would  open. 
(All  fuses  will  carry,  for  a  short  time,  more  than  their  rated  currents.) 
But  30  amperes  at  1 10  volts  may  cause  an  arc  quite  intense  enough 
to  set  fire  to  the  cord  or  cause  molten  metal  to  drop  from  the  over- 
heated socket.  If  the  lamps  were  on  a  branch  circuit  of  No.  14  wire 
protected  by  lO-ampere  fuses,  these  fuses  would  probably  melt  before 
serious  harm  were  done.  Thus  it  may  be  seen  that  it  is  wise  to  sub- 
divide the  lamp  circuits  and  protect  each  circuit  with  small  fuses. 
In  exposed  wiring  in  large  mills  an  exception  is  made  permitting 
incandescent -lamp  circuits  with  25-ampere  fuses  to  be  used  provided 
each  lamp  is  protected  by  a  very  small  fuse  placed  in  a  ceiling  rosette. 
This  is  allowed  to  prevent  running  an  excessive  amount  of  wiring 
through  large  rooms  where  the  crowded  wires  might  be  themselves 
a  source  of  danger.  It  was  formerly  the  custom  to  place  small  fuses 
in  the  canopies  of  fixtures  or  ceilings  and  side  walls  but  they  were 
always  troublesome  and  dangerous  to  an  extent  that  did  not  offset 
the  slight  extra  protection  they  afforded  and  all  such  "bug"  fuses 
have  long  been  forbidden. 

Enclosed  fuses,  plug  and  cartridge,  are  allowed  by  the  Code  rules 
to  be  installed  without  cabinets  except  in  dusty  or  linty  places  but 
some  municipal  ordinances  require  all  fuses  to  be  in  cabinets.  While 
this  is  safer,  there  would  be  a  tendency  to  use  the  open-link  lead  fuse 
everywhere  if  cabinets  were  uni\'ersally  required  since  thej'  are  much 
cheaper  than  enclosed  fuses,  and  this  is  a  tendency  not  to  be  en- 
couraged. If  proper  locations  are  chosen  for  enclosed  fuses  and  if  . 
only  approved  fuses  are  used,  there  is  little  hazard  under  ordinary 
conditions.  Enclosed  fuses  either  of  the  cartridge  or  the  plug  type 
and  of  makes  having  the  underwriters'  app^o^'al  will  open  the  circuits 
for  which  they  are  rated  with  practically  no  explosive  action  and 
without  emitting  flame  or  molten  metal  e\'en  on  hea\'y  short-circuits. 
Even  so,  however,  they  should  never  be  placed  near  combustible 
material. 

Electric  Heaters.  Under  this  heading  are  included  all  devices 
in  which  use  is  made  of  the  heat  developed  by  the  c\irrent  (usually 
by  causing  it  to  pass  through  coils  of  wire).  These  are  electric 
pressing  irons,  air  and  water  heaters,  toilet  articles,  such  as  curling 
irons,  cooking  devices  of  all  sorts,  and  a  vast  and  constantly  increas- 
ing variety  of  domestic  and  industrial  appliances.    All  these  present 
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the  same  hazards  as  other  heaters  of  equal  capacity,  except  that 
the  dangers  of  open  gas  flames  and  of  matches  are  eliminated,  and 
they  all  require  the  same  precautions  in  use  and  in  their  installatioD. 
Each  should  be  protected  by  fuses  on  the  device,  or  preferably  in 
the  branch  circuits,  and  must  be  controlled  hy  separate  switches 
or  plug  connectors  so  made  as  to  indicate  whether  the  current  is  "on" 
or  "ofF."  These  must  be  double-pole  switches  if  more  than  660  watts ' 
of  energy  is  required.  In  general,  such  heaters  should  never  be  "built 
in"  but  should  be  in  plain  sight.  However,  for  many  industrial  pur- 
poses electric  heaters  are  constructed  as  parts  of  tools  or  machines 
and  when  well  made  and  used  with  due  care  are  not  more  hazardous 
than  other  methods  of  heating. 

Portable  heaters  are  in  general  more  dangerous  than  stationary 
ones  since  the  latter  may  be  safeguarded  by  suitable  heat-resisting 
material  place<I  between  the  de\ice  and  its  surroundings,  such  as 


sheets  of  tin  or  steel  with  an  air  space  between  them  or  by  alternate 
layers  of  sheet  steel  and  asbestos  with  a  similar  air  space. 

The  electric  ilatiron  is  jK-rliaps  the  cause  of  more  trouble  and 
danger  from  fire  than  any  otlier  form  of  heater.  The  temperature 
of  the  iron  required  for  ironing  damp  fabrics  is  necessarily  high  (at 
least  500°  F.  is  common)  and  if  the  iron  is  left  with  current  on  and 
is  not  in  use  it  will  liecome  red-hot  in  from  ten  to  twenty  minutes. 
If  it  has  been  left  on  a  table  or  on  clothing  a  fire  is  almost  inevitable. 
I'ig.  71  shows  a  cloth-covci-cil  board  burned  b\-  electric  irons.  Few 
irons  ha\'e  any  automatic  cut-olf  to  guard  against  such  an  accident 
and  the  fact  that  many  such  irons  are  used  by  persons  not  familiar 
with  the  possible  danger,  makes  these  devices  rather  hazardous. 

It  is  often  desirable  to  connect  in  innltiple  with  the  heaters  and 
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between  the  heater  and  the  switch  controlling  same,  an  incandescent 
lamp  of  low  candle  power,  as  it  shows  at  a  glance  whether  or  not  the 
switch  is  open,  and  tends  to  prevent  it  being  left  closed  through 
oversight.  An  approved  stand,  of  a  pattern  such  that  the  iron  may 
be  safely  left  on  it  even  with  the  current  on,  should  be  used  with  every 
electric  pressing-iron.  The  ordinary  plain  iron  stand  for  cast  Satirons 
13  not  adequate  as  it  will  become  hot  enough  to  set  iire  to  a  table. 
It  should  be  remembered  that  stove-heated  irons  get  cooler  when 
taken  from  the  stove,  while  an  electric  iron  will  get  hotter  and  hotter 
if  left  connected  to  the  circuit  and 
not  used.  Fig.  72  shows  an  iron 
properly  installed  ^*ith  indicating 
switch,  pilot  lamp,  and  stand. 

Portable  heaters,  if  they  re- 
quire over  250  watts,  should  be 
furnished  with  approved  "heater 
cwd"  which  consists  of  stranded 
copper  conductors  with  a  thin 
rubber  and  a  thick  asbestos  yarn 
covering  over  each  with  a  good 
bnud  over  all.  In  factories  and 
shops  where  a  large  number  of 
flatirons  or  rather  portable  electric 
heaters  are  used,  the  circuits  lead- 
ing to  them  should  be  so  arranged 

and  provided  with  switches  that  -- 

any  department  or  tier  of  benches         pig.  t2.    Proporiy  inBiniied  Electric 
can  be  cut  off  when  not  in  use  and 

pilot  lamps  in  conspicuous  places  should  be  provided  to  call  attention 
to  the  fact  that  the  circuit  is  closed  to  the  heaters.  Domestic  cooking 
devices  electrically  heated,  are,  in  general,  fairly  safe  as  made  by  well- 
known  manufacturers,  and  are  preferable  from  the  viewpoint  of  fire 
hazard  to  similar  appliances  heated  by  gas  or  by  alcohol  lamps. 

The  use  of  flatirons  or  other  heaters  on  ordinary  lighting  circuits 
is  undesirable  since  they  often  require  more  current  than  can  be  taken 
through  the  proper  fuses  for  such  lamp  circuits.  It  is  ver\'  desirable 
that  special  drcuits  be  run  of  large  wire  properly  fused  and  with  large 
capacity  fittings  and  that  all  heating  and  small  power  devices  such 
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as  washing  and  vacuum  cleaning  machines  be  supplied  from  such 
special  circuits.  The  ordinary  wall  or  ceiling  fixtures  and  the  lamp 
sockets  attached  are  verj'  ill  suited  for 
ctmnecting  portable  heaters  because  of 
their  lack  of  current-carrying  capacity; 
and,  too,  because  they  are  not  me- 
chanically strong  enough  to  with- 
stand the  comparatively  rough  usage 
to  which  such  coinioctions  are  inevit- 
ably subjected. 

FIXTURES  AND  FIXTURE  WIRINO 
Fixture  Details.  Electric  fixtures 
are  of  two  types  known  as  straight 
electric  and  combination,  the  former 
carrying  only  electric  lamps  and  the 
other  having  both  electric  and  gas 
lights.  The  chief  parts  of  a  fixture  are 
the  canopy  at  ceiling  or  wall,  the  stem, 
the  body,  the  arms,  and  the  sockets. 
Most  fixtures  consist  of  pipes,  often  of 
small  i-ize,  which  are  threaded  into 
special  castings  in  the  body  or  c^tral 
ball  with  arms  branching  from  the 
bofly. 

In  straight  electric  fixtures  the 
iv'ires  are  usually  drawn  through  the 
pil>cs,  but  in  combination  fixtures  the 
gas  runs  in  the  pipes  and  the  wires  lie 
along  the  outside  of  the  pipes  between 
them  and  an  outer  casing  or  are  drawn 
through  cored  holes  in  cast-brass  arms. 
The  necessarily  small  spaces  and  chan- 
nels for  wires  in  fixtures  and  the  slight 
amount  of  insulation  which  the  wires 
can  carrj-,  require  very  careful  work 
'"""  """"  '■"'■""'''  in  order  that  the  best  conditions  pos- 

sible may  be  maintained.    Tlie  pipes  in  which  wires  are  drawn  should 
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be  carefully  reamed  at  ends  and  all  sharp  angles,  hiirrs,  mid  corners 
on  which  wires  may  Iw  injured  shiinid  be  carefully  rnunded  off.  Tlu'se 
details  should  Ik*  attended  to  by  the  fixture  maker  but  an-  often  neji- 
lected,  resulting  in  such  iiecidenti  as  are  shown  in  l-'ig.  7o,  where  the 
current  has  burnc<l  lioies  tlinuifrh  the  gas  piiM'  and  ignited  thejiaH. 
Nothing  but  rubl)er-<M>vcred  win'  having  a  rublHT  wall,  and  no  win; 
smaller  than  No.  IS  B.  &  S.  gauge,  should  1h?  ustrd.  Stranded  win' 
b  preferable  to  solid  wire.  A  rubber  insidntiou  A-iueh  thirk  in 
permitted  on  No.  18  wire  for  fixtures,  but  all  No.  Ifi  win^  and  all 
flexible  cord  if  used  for  fixture  work  should  have  at  least  A-ineh 
wall.    Fixtures  are  not  allowed  on  circuits  of  over  ^tlMl  voUh. 

Insulating  Joint.  On  latli-and-i)laster  ceilings  anil  walls  wlitsrc 
steel  outlet  boxes  are  not  us<rd,  fixtures  an-  usually  fusten<><l  to  Honit! 
form  of  "crowfoot,"  a  .small  frijxwl  casting  into  wiiieh  tin;  stem  of 
the  fixture  b  screwed,  ('omhination  fixtun'.s  an'  sen^wed  on  thtr  pni- 
jecting  nipple  of  the  gas  pi)K.  When  tixtun-s  an-  thn.H  .supixtrtCHl 
on  gas  pipes  or  when  they  are  atta<;hed  to  any  gn)undcd  metal  work 
of  a  building  or  are  on  walls  or  eeiUngs  of  plaster  on  nictui  latliing, 
an  approved  "insulating  joint"  must  he  inserteil  Urtwceii  the  lixtunt 
and  its  support.  An  insulating  joint  is  a  eoupling,  the  two  ends  of 
iriiidi  are  reliably  insulated  fn>m  eaeh  other  by  sonii^  suhstatxi;, 
9uch  as  mica.  For  combination  fixtures  there  is  a  hole  for  the  gni' 
tlmnigh  the  center  of  the  joint.  -Such  joints  an-  n-rpiin-d  to  \n:  ma^le 
of  materials  which  will  not  Ix'  affecterl  by  the  gas;  no  .soft  rnbN-r  is 
allowable  and  they  must  1m'  eai^dtle  of  withstanding  a  voltage  tftst 
of  4,000  volts  a.  c,  between  tiic  two  eiid.s.  Sue'  in.sulatioli  is  nnjuin-^l 
because  the  fixture  wire  i.s  riO(fes.sarily  pcx)rly  insulateil  and  liable 
to  permit  the  conductors  to  Infomc  "gromidMl"  on  the  fixture  at  one 
or  more  points.  The  insulating  joint  pnrvenl.s  such  a  faihinr  in  the 
fixture  from  causing  current  to  flow  to  the  earth  in  r-as<-  thr:  circuit  is 
rither  purposely  or  accidentally  grounded  at  other  pla'res.  It  aW* 
ine\'ents  voltage  sufficient  to  puiiMun.-  the  tixtiin^  wiring  from  arcing 
across  broken  insulation  t'l  the  fixture  anri  so  to  the  grouml. 

Canopy  Inaulatom.  .Sine*-  tht;  raiiopj'  or  Ixll  covcriiiK  tli*;  ha.v; 
of  the  fixture  at  the  wiling  or  wall  \r,  in  <r|r-cl.rieal  r-onnefrtion  with 
the  fixture  stem,  it  al-io  must  Im;  iiihiilatcd  at  its  iip|jer  f^lge  from  the 
wall  wherever  an  in.'iulating  joint  ii  n^ijoind.  Tanopy  in.-.ulau>n 
take  the  form  of  molded  rings  of  ci.injixuition,  fiUrr  ringri  riveterl  U> 
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the  canopy  edge  or  insulating  linings  and  flanges  of  micanite  or  other 
suitable  material.  Fig.  74  shows  a  correctly  mounted  combination 
fixture  with  insulating  joint  and  canopy  insulator.  The  cut  also 
shows  the  pieces  of  flexible  tubing  in  which  the  wires  are  separately 
encased  from  the  last  porcelain  support,  through  the  ceiling  and  to 
a  point  below  the  insulating  joint.  B  in  the  figure  is  a  piece  of 
insulating  tubing  which  should  be  placed  about  the  gas  pipe  above 
the  insulating  joint.  In  case  the  wires  were  in  steel  conduit  a  steel 
outlet  box  would  be  placed  in  the  ceiling,  the  gas  pipe  would  enter 
through  a  central  hole  in  the  back  and  the  conduit  through  another 
hole  at  one  side  In  such  cases  the  flexible  tubes  would  not  be  used 
but  the  canopy  insulator  and 
the  insulating  joint  would  still 
be  required.  Most  trouble  from 
fi\tureB  occurs  in  the  canopy 
from  poorly  made  wire  joints  and 
crowded  or  jammed  wires  which 
^ndually  give  way  until  finally 
an  arc  is  formed  and  the  wire 
(i)veriiigs  are  ignited.  Fig.  75. 
( anopies  are  often  made  too 
shallow  and  too  small  and  work- 
men are  often  careless  in  connect- 
ing fixtures. 

Sockets  and   Receptacles. 

incandcHcent  lamps  are  put  and 

The  most  common  is 


TIksc  arc  tin  dcMct-.  into  whuli 

an  todu  made  lu   i  gn  it  \  iriit\  of  forms. 

tin  fiiniihar  briss  slulj  stuktt  cither  with  a  key  switch  or  keyless, 

•icrtwed  on  thi  ends  of  fa\tnn  irnis  or  hung  on  fiexible  cords.    Where 

a  lamp  lioKk  r  is<iisirtd  to  hi  f  istcmd  rigidly  to  walls  or  ceilings,  re- 

ctptatks    in   ustd    uid   this   ni  gemnil  constitutes  the  distinction 

iHtHCiii    nuptuks  and   sfckcts      For  outdoor  use   or   in  damp 

plaets  w(  ithtr[roi)f  s((k<ts  (r  naptadcs  slumkl  Ix*  used.     These 

UMialK   hi\(.   pofdlain  irumjositi  n  outer  shell:?,  with  connecting 

wins  sc^l^d  in  or  with    i  nu   f*  nn    if  encased  terminal  so   placed 

and  (i\(r(d   is  to  ktnp  inoi  tun  from  cxtrrior  and  ulterior. 

It  I    good  pnttui  to  Use  onl\   ]K)nvlaiii  sockets  in  locations 
whtn   I  jitrson  mi^lit  toiuli  tluiii  while  at  the  same  time  in  contact 
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in  any  way  with  any  grounded  metal  work.  Thus  in  bath  rooms  if  a 
person  attempted  to  turn  on  a  lamp  by  means  of  the  key  of  a  brass 
covered  socket  while  at  the  same  time  he  was  touching  a  water  pipe 
or  faucet,  he  might  receive  a  painful  or  dangerous  shock  if  any  portion 
of  the  electric  circuit  were  grounded.  While  such  a  shock  would 
not  be  given,  if  everything  were  in  proper  condition,  still  there  are 


numerous  instances  where  persona  liave  been  killed  and  it  is  cer- 
tainly wise  to  prevent  even  the  chance  of  such  an  accident  by  either 
using  all  porcelain  sockets  or  by  putting  the  sockets  out  of  reach, 
and  controlling  the  lamps  by  means  of  a  switch  on  a  side  wall.  This 
practice  is  especially  to  be  commended  where  the  lamps  are  supplied 
with  a.  c.  transformers  the  primaries  of  which  are  supplied  by  circuits 
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of  voltages  of  1,100,  2,200,  or  higher  values.  The  voltages  of  UO  or 
even  220  either  d.  c,  or  a.  c,  which  are  almost  universally  used  for 
incandescent  lighting  indoors,  are  not  of  themselves  at  all  liable  to 
injure  persons,  but  if  there  is  a 
fault  in  the  transformer  the  hi^ 
primary  voltage  may  get  into  the 
house  over  the  secondary  lines 
and  such  a  circuit  will  then  be 
distinctly  dangerous  to  life. 

In  rooms  where    in£ammab]e 
gases  may  be  present,  as  the  re- 
sult of  some  manufacturing  proc- 
"THTT  CSS  or  otherwise,  the  incandes- 

/m  cent  lamp  and   its  socket   must 

\^l^  be  enclosed  in  a  vapor-tight  globe 

Fig.  7G.  i;ndoaid  iprondi-Hcont  Lump  as  and  Supported  on  a  pipe  hanger, 
recautiup  goiusi  ■  ip  us.ir.  upur  ^vircd  with  approved  rubber- 
covered  Xo,  14  wire  soldered  directly  to  the  circuit  wires.  Even  the 
minute  spark  caused  by  breaking  a  l(i-candle-power  lamp  has  been 
known  to  set  fire  to  vapors  such  as  gasoline  and  air  in  the  proper 
mixture  and  the  reason  for  taking  e\'cry  precaution  against  sparks 
where  such  vapors  exist,  becomes 
very  apparent.  Fig.  76  shows 
a  lam]t  s<)  enclosed  and  sup- 
jKirted. 

In  damp  or  wet  places  weath- 
erproof sockets  are  required 
and  these  must  either  be  made 
upon  fixtures  or  hung  as  shown 
in  Fig.  77.  Here  stranded  No. 
14  rublK'r-co\'('rcd  wires  are 
shown  passing  from  the  socket  to 
the  circuit  wires  to  which  they 
are  soldered.  The  socket  and 
I  tlie  soldered  joints  but  some  other 
support  must  be  supplied  as  by  holding  tlic  socket  wires  under  one 
of  tlie  por<elain  cleats.  Tlie  ordinar\-  >)rass  shell  socket  is  a  fairly 
standard  device  as  now  furnished  hy  the  liest  makers,  but  it  is  of 


lamp  must  not  liang  direct  t 
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necessity  small,  and  not  very  strong.  It  is  decidedly  better 
never  to  use  such  a  socket  except  for  an  incandescent  lamp  apd 
where  an  outlet  is  desired  from  which  to  take  current  for  portable 
heaters,  fans,  and  the  like,  to  provide  special  wall  or  floor  receptacles. 
This  insures  adequate  current-carrying  capacity  and  avoids  mechan- 
ical injury  to  the  comparatively  frail  sockets. 

Flexible  Cords.  There  are  two  chief  classes  of  flexible  cords, 
the  plain  twisted  pairs  and  the  various  types  of  reinforced  cord  for 
portable  use  and  where  extra  protection  and  strength  is  needed.  It 
will  be  observed  that  the  use  of  any  type  of  flexible  cord  constitutes 
an  exception  to  the  general  rule  that  conductors  must  be  well  sepa- 
rated. From  one  point  of  view  it  seems  inconsistent  to  require  wires 
to  be  well  separated  in  walls,  floors,  and  partitions  and  then  permit 
the  two  conductors  of  a  cord  to 
be  twisted  closely  together,  with 
only  a  thin  rubber  insulation  and 
a  cotton  braid  on  each.  It  is,  in 
fact,  a  concession  made  to  the 
necessities  of  the  ease  and  it 
cannot  be  denied  that  flexible 
cords  may  be  and  often  are  the 
weakest  part  of  an  ordinary  wir- 
ing installation.  It  thus  be- 
comes at  once  evident  why  very 
definite  limitations  must  be  made 
in  the  use  of  cords.  Fig.  78  shows 
types  of  flexible  cords. 

The  common  "twisted  ])air"  cord  consists  of  stranded  copper 
conductors  having  a  total  carr\ing  capacity  equal  to  that  of  No,  18, 
16  or  14  B.  &  S,  gauge  solid  wire.  No  conductors  smaller  than  No.  18 
are  allowed  even  for  very  small  currents  in  order  that  the  mechanical 
strength  may  not  be  too  little,  (It  should  be  noticed  also  that  No. 
18  and  No.  16  wires  are  permitted  only  for  flexible  cord  and  for  fixture 
wiring,  No.  14  or  larger  being  required  everywhere  else.) 

The  copper  strands  are  twisted  or  cabled  together  and  wound 
nith  a  wrapping  of  cotton  thread  both  to  keep  the  rubber  from  direct 
contact  with  the  copper  which  it  tends  to  corrcwle  and  to  prevent  a 
broken  strand  of  wire  puncturing  the  insulation. 
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The  rubber  insulation  should  be  A-inch  thick  on  No.  18  and 
No.  10,  and  A-iiich  on  No.  14  corda  and  over  each  should  be  a  fairly 
close  braid  of  cotton  thread.  It  is  apparent  that  the  finished  cord  so 
made  with  its  two  conductors  twisted  closely  together  does  not  afford 
any  very  great  protection  against  a  short-circuit  resulting  from  broken 
or  worn  Insulations  and  braid,  and  that  the  rubber  and  cotton  braids 
supply  a  very  fairly  good  fuel  for  any  flame  which  is  started. 

The  foregoing  is  not  intended  to  lead  to  the  conclusion  that 
flexible  cords  should  not  be  used,  but  rather  to  point  to  the  reason  why 
their  use  should  be  restricted  and  why  they  are  o]>en  to  objections  not 
applying  to  ordinary  separate  and  fixed  wires. 

Flexible  cord  should  ne\er  be  used  as  a  substitute  for  regular 
fixed  wiring.  If  the  wiring  pro\'i<led  does  not  give  outlets  at  the 
l>n>per  ]>lace.s  it  should  be  changed  in  a  proper 
and  rcliiiblc  maiiiUT.  The  common  practice  of 
festm>iiiiig  flexible  cord  along  walls  and  ceilings 
and  even  through  doorways  and  walls  is  to 
bt  stroiigK  (ondemned  as  an  unsafe  and  wholly 
inc\cusible  nii-.nsL  of  material.  The  use  of 
flexible  cord  l^  limited  to  300  volts.  It  should 
not  b(  ustd  to  support  lamp  clusters  as  they 
lu  t  tiipibU  of  In-iug  secured  well  enough 
■>  unikr  Inndiiig  screws  to  hold  any  considerable 
n^j  t  Theorditiary  cord  should  be  used  only 
h(  Id  lamps  wliich  under  all  usual  conditions 
hung  freely  in  air  and  which  are  not  likely  to 
lie  moved  sufficiently  to  come  into  contact  with 
surrounding  objects.  In  brief,  this  cord  is  for 
as  its  common  name  implies.  The  use  of  pen- 
dant «)rd  for  reinforced  cord  is  a  very  eommoii  fault.  Ragged  half- 
bn)ken  lamp  ciird  lying  about  on  flours  and  looi>ed  over  all  kinds  of 
supports  constitutes  a  very  comnioii  defect  in  installations,  otherwise  . 
ix'rhaps  in  fair  eondition.  "I'lcxihii-  conl  fires"  are  as  common  as 
might  be  expected  friini  the  freiinciit  misuse  of  this  form  of  wire. 

For  all  jxirtablc  work  including  those  iH'iidants  which  are  liable 
to  be  moved  alxiut,  some  form  of  reinforced  cord  should  always  be 
emplo\'ed.  In  these  the  ordinarj'  pendant  cord  is  cohered  either 
with  an  outer  rubber  jacket  and  a  stout  "over-all"  bniid  or  where 


"pendant"  u 
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the  exposure  to  injury  is  less  (as  in  ofifices  and  residences)  with  an 
outer  woven  braid  only.  These  reinforced  cords  are  far  from  in- 
destructible and  should  be  frequently  inspected  and  renewed  before 
an  accident  makes  it  absolutely  necessary.  The  use  of  all  kinds  of 
flexible  cord  in  show  windows  is  expressly  forbidden  by  the  Code, 
because  it  has  been  found  that  it  is  subject  to  exceptionally  hard 


usage  there,  an<l  more  csiwcially  because  of  the  practical  certainty 
that  it  will  be  use<I  as  a  support  for  window  decorations  or  goods  of 
inflammable  nature  which  have  often  been  found  piiiucd  to  it  nr 
supported  by  wires  strung  across  it.  A  sjx'cial  kind  of  c'ord  Iia\ing 
a  metal  armor  is,  ho^\e\cr,  allowed  in  show  windows. 


Digitized  by  VwjOOQIC 


88  UNDERWRITERS'  REQUIREMENTS 

In  connecting  flexible  cords  to  sockets,  rosettes  or  other  devices, 
special  attention  should  be  paid  to  seeing  that  all  the  small  copper 
strands  are  well  tucked  in  under  the  heads  of  binding  screws  and 
that  stray  ends  are  not  left  sticking  out  to  caiise  short-circuits.  At 
all  places  where  cords  pass  out  of  sockets  or  other  fittings,  smooth, 
well-rounded  insulating  bushings  should  be  provided  and  a  knot 
should  be  tied  In  the  cord  inside  the  socket  cap  or  rosette,  so  that 
this  knot  will  take  the  strain  from  the  binding  screws.  Several 
special  little  fittings  for  this  purpose  are  also  on  the  market  as  sub- 
stitutes for  the  knot.  Pendant  lamps  wherever  exposed  to  injury 
or  at  all  liable  to  be  brought  into  contact  with  inflammable  material, 
and  nU  portable  lamps  should  be  provided  with  substantial  wire 


lir(.  SI.      Hul^  Hurlitd  by  lut^lijCTCfiil  Umr>  Hull) 

guards  such  as  are  shown  in  Fig.  79.  Figs.  80  and  81  show  the  results 
of  carelessness  with  hanging  or  portable  incandescent  lamps. 

Arc  Lamps  on  Constant-Potential  Circuits.  Each  lamp,  or  each 
series  of  lamps,  should  be  separately  fused  and  the  brandi  conductors 
should  liave  a  carrviiig  caiiacitj'  about  '>()  per  cent  in  excess  of  the 
current  required  to  provide  fur  the  heavy  current  required  by  the 
lamp  in  starting  or  when  the  lamp  carbons  accidentally  become  stuck. 
If  this  were  not  done  it  would  be  necessary,  g('nerall\',  to  over-fuse 
tile  wires,  which  is  objectionable. 

Arc  lamps  are  of  many  patterns  but  all  of  them  contain  resist- 
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ances  or  regulators  which  become  very  hot  and,  therefore,  all  the  parts 
of  the  lamp  and  its  ease  must  be  of  non-combustible  material  and 
must  be  treated  as  sources  of  heat,  that  is,  they  must  be  installed 
well  away  from  all  inflam- 
mable stuff.  The  globes  and 
netting  about  the  carbons 
must  be  used  in  all  casei.  In 
general  the  resistances  and  all 


other  accessories  of  the  lamp  except  the  controlling  snitch  should 
be  contained  in  the  lamp  case  itself.  Fig.  82  shows  a  modern  type 
of  enclosed  arc  lamp  and  its  mechanism. 

The  "flaming  arc"  lamps  now  in  common  use  call  for  the  same 
precautions  as  the  older  patterns.    In  dusty  or  linty  places  special 
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precautions  must  be  taken  to  prevent  the  accumulation  of  lint,  etc., 
either  on  hot  resistances,  inside  the  lamp  or  on  the  switch  usually 
furnished  on  the  lamp.  In  general  the  same  rules  apply  to  mercury 
arc  lamps  as  to  the  carbon  arc  lamps,  except  that  the  former  do  not 
present  the  hazards  due  to  the  hot  carbon  points. 

TRANSFORMBRS  IN  BUILDINQS 

Except  in  central  stations  and  substations,  an  outside  location 
for  transformers  b  always  preferable  and  the  underwriters  do  not 
allow  any  oil-cooled  trans- 
formers in  buildings  except 
by  special  permission.  This 
is  because  of  the  danger 
from  the  oil  which  may  be 
boiled  over  or  set  on  fire  in 
case  the  transformer  becomes 
overheated. 

Air-cooled  transformers 
having  the  highest  voltage  of 
th  primary  and  secondary 
under  550  volts  may  be  in- 
stalled inside  buildings  if  the 
<'ase  is  ke])t  at  least  one  foot 
from  combustible  material  or 
separated  from  such  material 
by  l)eing  mounted  on  a  suit- 
able slab  of  slate  or  marble. 
Transformers  sometimes  be- 
come very  hot  in  case  of  a  i)artial  or  complete  burn-out  of  the  coils 
or  from  overloading  and,  therefore,  should  never  be  mounted  di- 
rectly' against  wood  ])osts,  beams,  or  walls.  Fig,  83  shows  a  com- 
mon type  of  oil-cooled  transformer. 
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Vartii 

installation  of  wires  in  buildings 

The  proper  choice  of  wires  and  their  safe  installation  con- 
stitutes the  most  important  part  of  all  electric  equipment  from  the 
viewpoint  of  the  fire  hazard.  It  has  ah-eady  been  stated  that  in  all 
electric  work,  conductors,  however  well  insulated,  should  always  be 
treated  as  bare,  and  from  one  point  of  view,  it  may  be  said  that  the 
value  of  conductors  as  regards  safety  lies  in  their  insulation  rather 
than  in  the  copper,  for  if  we  assume  that  a  wire  of  adequate  carrying 
capacity  is  chosen  for  a  given  purpose,  there  remains  only  the  choice 
of  a  suitable  covering  or  insulation  on  the  wire  and  a  reliable  and  work- 
manlike method  of  placing  it. 

No  one  material  has  yet  been  produced  which  has  every  desir- 
able property  as  a  covering  and  insulation  of  electric  wires  and 
cables.  Among  the  desirable  properties  of  a  wire  covering  are 
elasticity,  flexibility,  waterproofness,  good  insulating  quality  and 
resbtance  to  voltage  strains,  resistance  to  effects  of  changing  tem- 
perature, acids,  vapors,  etc.,  and  permanence.  All  of  these  prop- 
erties are  possessed  by  rubber  in  greater  or  less  degree  and,  all  told, 
to  a  greater  degree  than  any  other  material.  The  properties  of 
rubber-covered  wires  will  be  treated  at  greater  length  in  another 
place,  the  foregoing  statement  being  made  here  to  emphasize  the 
reason  why  rubber-covered  wires  are  used  almost  exclusively  in  all 
inside  wiring. 

"Slow  burning"  wire  is  a  copper  conductor  covered  with  three 
closely  woven  cotton  braids  saturated  with  a  fire-resisting  compound. 
Its  use  b  limited  to  places  where  rubber  is  liable  to  be  rapidly  injured 
by  high  temperatures.  Its  insulating  value  is  slight  and  it  is  not 
capable  of  resisting  moisture. 
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"Weatherproof"  wire  consists  of  a  copper  conductor  covered 
with  -three  hraids  saturated  with  a  moisture-proof  compound.  Its 
insulating  value  when  new  is  low  (much  less  than  rubber)  and  it  is 
very  inflammable.    Its  use  is  practically  confined  to  outdoors. 

In  the  following  sections  it  may  be  assumed  that  all  references 
to  wire  mean  "rubber-covered"  wire. 

Classification  and  General  Principles.  There  are  two  classes  of 
wiring  which  may  be  named  for  convenience:  enclosed  wiring  and 
non-enclosed  wiring. 

Wires  run  on  insulators  such  as  cleats  and  knobs  exposed  on 
walls  and  ceilings  or  on  knobs  and  through  tubes  concealed  in  floors 
and  walls  are  the  chief  types  of  non-enclosed  wiring.  It  will  be 
observed  that  the  distinction  consists  in  the  presence  or  absence  of 
special  wire-ways  or  channels  for  the  wires.  Wires  must  not  be  laid 
in  plaster,  cement,  or  .similar  finish,  because  such  materials  may 
contain  either  alkalies  or  acids  which  will  injure  the  insulation  and 
corrode  the  copper.  Wires  must  never  under  any  circumstances  be 
fastened  with  staples  l>ecause  of  the  probable  injury  to  the  wire 
co\erings,  the  insecure  fastening  obtained,  and  the  possibility  of 
such  staples  aft'nrdiiif;  a  path  between  wires  in  case  twin  conductors 
are  used. 

Twin  wires  must  never  be  used  except  in  conduit  or  where  flexible 
conductors  are  necessary.  The  nearness  of  the  two  wires,  on  the 
opposite  sides  of  the  circuit,  renders  twin  wire  of  any  description 
somewhat  more  liable  t"  failure  and  an  injury  to  one  wire  generally 
involves  an  injury  to  lK>th  with  resultant  certainty  of  a  short-circuit. 
The  added  safety  of  kefpinj;  the  wires  f>f  a  circuit  separated  is  lost 
in  twin  wires. 

in  any  scheme  of  wiriof;  it  is  essential  that  all  electric  wires  be 
installed  so  that  tiic\-  cannot  (;()me  into  contact  at  any  point  with 
any  materials  other  than  those  exprcssl\-  intended  for  their  enclosure 
or  support.  This  means  that  tJiey  should  Ix'  kept  absolutely  free 
from  contact  with  jjas,  water,  or  other  pipinj:,  aiid  from  all  metal 
work  of  any  description  unless  it  be  that  of  piping,  boxing,  or  molding 
provided  as  wire  enclosures.  Wires  should  also  be  installed  so  as 
not  to  touch  woodwork  or  other  combustible  material,  even  if  such 
material  is  not  a  good  conductor.  This  general  principle  finds  an 
exception  in  the  case  of  wood  molding. 
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Contact  of  wires  with  metallic  substances  may,  in  case  of  a  failure 
of  the  insulation,  permit  dangerous  arcs,  short-circuits,  or  frounda, 
while  contact  with  wood  or  combustible  material  is  objectionable  on 
account  of  setting  fire  to  it  in  case  of  overheated  wires  or  from  leakage 
due  to  the  presence  of  moisture  on  materials  which  when  dry  would 
be  good  insulators.  These  are,  therefore,  the  general  principles  of 
wiring  under  the  established  rules  and  will  be  illustrated  in  the  dis- 
cussion of  the  various  classes  of  wiring  which  follow. 

Open  Work  in  Dry  Places.  Wires  in  open  work  may  be  either 
rubber-covered,  slow-burning,  or — special  and  now  little  used  wire 
having  a  weatherproof  braid  covered  by  a  slow-burning  braid — but 
as  a  matter  of  fact  only  rubber-covered  wire  is  used  to  any  extent 


and  it  is  much  to  be  preferred  except  in  exceptionally  hot  places  as 
over  steam  boilers,  where  rubber  insulation  will  deteriorate  very 
rapidly.  The  rubber-covered  wire  used  for  ojien  work  has  a  single 
braid  over  the  rubber.  The  cliief  advantages  of  open  work  are  its 
cheapness  and  its  accessibility.  The  latter  may  be  of  great  advantage 
in  cases  where  frequent  changes  and  additions  are  likely  to  be  re- 
quired or  where  renewals  of  wire  are  frequent  because  of  peculiarly 
unfavorable  conditions  such  as  exist  in  packing  houses. 
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Two- Wire  Cleat 


Open  work  finds  its  chief  use  in  mills  and  factories  and  for  large 
conductors  which  it  is  especially  difficult  and  expensive  to  enclose  in 
conduit.  Fig.  84  shows 
an  example  of  a  set  of 
large  feeders  run  exposed 
on  insulators.  It  should 
be  noted  that  such  a 
large  group  of  heavy 
cables  covered  with  the 
inflammable  braid  and 
rubber  insulation  fur- 
nishes a  very  considerable  amount  of  fuel  for  fire  and  the  necessity 
for  excellent  spacing  and  reliable  fastening  is  obvious.  The  heavy 
porcelain  blocks  carried  in  metal  frames  as  shown  in  the  illustra- 
tion are  of  an  approved  type.  In  all  open  work,  wires  or  cables 
must  be  rigidly  supported  on  non-combustible,  non-absorpti\'e 
insulators.  Formerly  wood  cleats  were  used  but  these  are  now 
obsolete  and  have  been  replaced  by  porcelain.  \\'here  the  voltage 
is  less  than  300  \olts,  wires  must  be  scjiarated  from  each  other  at 
least  2^  inches  and  from  the  surface  wired  over  at  least  §  inch  in  diy 
places — in  damp  places  at  least  1  inch.  For  voltages  from  301  to 
550  volts,  the  limit  for  "low-potential  sj-stems,"  the  wires  must  be 
kept  4  inches  apart  and  1  inch  from  the  surface  wired  over. 

Split  knobs  or  cleats  must  ahva\'s  be  used  for  the  support 
of  conductors  wliicli  are  smaller  than  Xo.  S  IJ.  &  S.  gauge 
except  when   they    an;    found     at    the     end    of    runs.      Fig.   85 


shows  a  typical  form  of  a  two-wire  cleat  and  Figs.  S(i  and  S7  show  good 
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forms  of  one-wire  cleats  for  heavier  conductors.  No.  6  wire  is  about 
the  largest  which  should  be  installed  in  cleats  like  those  in  Fig.  85, 
and  for  cables  larger  than  No.  0000  B.  &  S.  gauge,  some  form  of  iron 
rack  for  the  insulators  is  desirable  in  order  to  secure  the  needed 
mechanical  strength  and  rigidity. 

The  rigid  supporting  necessary  for  open  wiring  requires  under 
ordinary  conditions  along  flat  surfaces,  supports  at  least  every  4J 
feet.  This  distance  should  be  decreased  wherever  wires  are  liable 
to  be  disturbed  especially  if  the  wires  are  small.  The  following 
comment  is  from  the  Rules  of  the  Associated  Factory  Mutual  Fire 
Insurance  Companies: 

The  proper  distance  between  insulators  depends  largely  on  the  sur- 
rouDtliags.    In  places  where  ceilings  are  low,  or  where  belts,  shafting,  or  other 


liowiiig  Uk  of  5 


D  iDsulaton 


Fig  88      Winngo 

machinery  maj  require  fre<iuent  attention,  insulators  should  be  placed  every 
tew  feet,  in  order  to  ])revent  the  wires  from  hfing  dis])lacpd  by  careless  or 
unavoidable  blows  frum  workman.  On  the  other  liand,  with  a  high  ceiling 
and  no  chance  of  derangement,  a  greater  distance  would  be  allowable. 

The  whole  idea  ia  to  so  rigidly  secure  the  wirtsi  that  they  cannot  come 
in  contact  with  each  other  or  any  other  conductors,  if  loosened  by  ahrink- 
^e  of  timbers  and  floors  or  by  careless  knocking. 

Special  methods  must  be  followed  at  corners  and  in  wiring  over 
broken  surfaces  as  on  ceilings  of  niill-constructed  buildings.  Fig. 
88  shows  a  use  of  "strain  insulators"  in  making  a  turn  on  a  ceiling. 
"ITiese  are  insulating  balls  having  rings  set  in  each  side,  the  wire 
being  looped  through  one  ring  and  the  hook  on  the  beam  through 
the  other.    Turnbuckles  may  be  used  to  kccj)  the  wires  taut.    Ordi- 
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Fig  89      Approvi'd  Method 


f  too  much  exposed  to  injury  from 
With  this  arrangement  any  slack 
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nary  cleats  will  not  hold  heavy  wires  at  corners.  With  conductors 
of  \o,  S  B.  &  fi,  gauge  or  over,  it  is  not  necessary  to  "break  around" 
,  beams  but  smaller  wires  should 
=*  be  carried  around  the  beams 
as  shown  in  Fig.  89.  The 
cleats  on  the  ceiling  should  be 
set  off  from  the  timbers  3  or  4 
inches.  If  they  are  closer,  the 
shrinkage  of  the  timber  or 
rough  usage  is  liable  to  bring 
the  wires  int  contact  with  the  timber.  On  the  other  hand  if  the 
distance  i  greater  the  wires  £ 
broom  Hd  ler  at  d  the  like. 
wire  tin  be  t  iken  up  by 
moving  the  t-IeatH  a  lit- 
tle nearer  the  corner. 
^^'he^e  beams  are  widely 
spaced  some  such  metlHxl 
of  su]»port  as  that  shown 
in  Fig.  90  shoukl  be  fol- 
lowed. Fig.  91  shows  a 
less  desirable  methotl  of 

support.  In  low  ceiling  rooms  where  wires  are  exposed  to  mechani- 
cal injury,  w«K»d  guard  strips  (sec  Fig.  92)  may  l>e  used  to  ad- 
vantage. Where  wires  pass  llm)Ugh  partitions  or  walls  they  must 
be  protected  by  tubes  of  porcelain  or  iron  pi|ies  Hned  with  flexible 
tubing. 

AVires  on  side  walls  must  be  j>rotccted  from  injurj'  to  a  height  of 
at  least  5  feet  from  tlic  floor  either  by  wood  boxing  or  by  iron  pipe  as 


D  Widely 


,H  btlwcpn  Widelj-Spoci 


shown  in  Figs.  9.'i  and  94.    When  iron  ])ipe  or  conduit  is  used  the 
insulation  of  each  wire  must  be  reinforced  by  flexible  tubing  extend- 
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ii^  from  the  insulator  next  below  the  pipe  to  the  one  next  above  it 
(see  Fig.  93).  For  alternating  current  both  wires  of  the  circuit  must 
be  in  the  same  pipe. 

Open  Wiring  in  Damp  Places. 
The  installation  of  electric  wires 
in   places  exposed  to  dampness 
presents  some  peculiar    difficul- 
ties  requiring   special    methods. 
A  film  of  water  such  as  may  be 
formed    by   steam  or  otherwise 
by  condensation   is  a  very  fair 
conductor  of  electricity,  and  may  reduce 
insulation  which  would  be  quite  adequate 
alkaline  fumes  or  vapors  are  also  good 
conductors  in  some  cases  and  in  addition 
they  are  liable  to  injure  both  the  insula- 
tors and  the  copper  of  electric  wires. 


■  even  entirely  destroy 

1  dry  places.    Acid  or 


Fi«.  B3.*  Wood 


In  paper  mills,  breweries,  soap  factories,  packing  houses,  dye 
works,  and  cold  storage  rooms  special  pains  must  be  taken  to  insure 
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permanence  and  reliability  of  all  electric  fittings  and  appliances. 

The  Code  does  not  prescribe  at  length  precautions  to  be  takea 
in  damp  or  otherwise  exceptionally  troublesome  places,  but  merely 
specifies  for  open  wiring  that  only  rubber-covered  wire  be  used  and 
that  the  separation  between  wires  shall  be  at  least  2J  inches  for 
voltages  up  to  300  volts  (4  inches  for  higher  voltages)  and  that  all 
wires  be  kept  !  inch  from  surface  wired  over  instead  of  only  J  inch 
as  in  dry  places. 

There  are  two  objections  to  the  use  of  steel  conduits  in  damp 
places,  first,  that  all  metal  work  is  especially  liable  to  corrosion  even 
when  well  enameled  or  galvanized;  and  second  and  more  important. 


that  water  is  ajrt  to  collect  in  the  jiijK's  and  gradually  deteriorate  the 
insulation.  This  water  results  from  moisture  condensed  from  the 
air  during  <-hiinges  in  the  temperature  and  amount  of  water  vapor 
present  in  the  atmosphere.  This  comlensatiori  is  often  sufficient  to 
be  very  troublesome  and  often  leads  to  the  adoption  of  oi^en  wiring  of 
special  forms  rather  than  a  complete  conduit  installation.  Usually 
coiiffuit  is  usee!  in  the  more  ex|>osed  or  crowdet!  places  only  and  in 
such  parts  of  the  plant  as  are  less  liable  to  dampness. 

In  many  breweries,  packing  houses,  iind  other  plants,  walb  and 
ceilings  are  continually  dripping  «ith  water  and  in  some  factories 
fumes  and  vapors  are  present  in  large  quantities  at  all  times.     A 
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fairly  good  solution  of  the  problem 
is  possible  where  only  water  is  to 
be  guarded  against,  but  where  cor- 
rosive vapors  exist,  no  thoroughly 
satisfactory  method  has  been  de- 
vised to  resist  indefinitely  the  cor- 
rosive actions.  A  good  asphaltum 
paint  will  protect  cabinets  and  con- 
duits for  a  time  and  frequent  re- 
painting will  extend  the  life  of 
these  parts  of  the  equipment  for  a 
considerable  period.  It  is  evident 
that  current-carrying  metal  parts 
should  be  enclosed  in  tight  boxes 
wherever  feasible  and  very  frequent 
and  thorough  reinspections  of  the 
entire  equipment  should  be  made 
followed  by  renewals  as  faults  de- 
velop. Fig.  95  shows  the  corrosion 
on  a  rosette  improperly  mounted. 
In  rooms  where  dampness  is 
excessive  the  wires  are  sometimes 
run  open  in  inverted  wood  troughs, 
one  form  of  whlcii  is  shown  in  Fig. 
96  and  in  detail  in  Fig.  97.  This 
trough  serves  to  separate  the  wire- 
way  entirely  from  a  wet  ceiling  and 
the  sloping  surfaces  serve  to  carry 
the  moisture  away  from  the  knobs 
on  which  the  wires  are  held.  The 
V-shaped  .blocks  are  spaced  about 
4§  feet  apart  and  care  is  taken  to 
make  a  close  joint  where  the  run- 
ning boards  come  together  at  the 
top.  The  whole  is  thoroiighl,\' 
painted  with  an  insulating  paint. 
Fig.  98  shows  open  wiring  on  fljit 
running  boards  for  moderately  dani])  places  like  basements  or  cellars. 
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Fig.  68.    Enunplo  of  Wiring  od  SuuniDg  Boards  id  Damp  Plan 
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All  drop  cords  should  be  of  extra  heavy  reinforced  type  or  of 
standard  rubber-covered  wire  and  only  weatherproof  keyless  sockets 
should  be  used  with  all  wire  joints  soldered,  taped  and  painted  in 
the  best  manner.  Motors  and  their  resistance  boxes  or  starters 
should  be  kept  out  of  damp  rooms  if  possible  but  if  in  such  rooms, 
they  should  be  installed  with  special  reference  to  accessibility, 
cleanliness,  and  separation  from  wet  floors  or  walls.  Posts  in  middle 
spaces  of  rooms  will  generally  afford  better  locations  than  side  walls, 
which  are  always  wet.  Wood  cabinets  lined  with  slate  or  with  stiff 
asbestos  board  are  preferable  in  many  wet  places  to  metal  enclosures 
if  thej'  are  kept  well  painted  inside  and  out  with  an  asphalt  or  in- 
sulating paint.  A  single  incandescent  lamp  in  such  a  cabinet  if  kept 
constantly  burning  will  tend  to  keep  the  interior  of  the  box  dry,  if 
the  box  is  tight  and  if  the  door  is  kept  closed.  With  a  glass  panel  in 
the  door  the  lamp  may  be  seen  at  all  times. 

Wires  in  Molding.  Wood  Molding.  Wood  molding  is  one  of 
the  conuaonest  forms  of  protection  for  wiring  and  when  properly 
used  affords  a  cheap  and  fairlj'  satisfactory  installation.  From  one 
point  of  view  it  seems  inconsistent  to  take  every  precaution  in  other 
forms  of  wiring  to  keep  wires  away  from  direct  contact  with  wood 
surfaces,  such  as  ceilings  and  walls  and  hidden  spaces  in  frame  par- 
titions and  floors,  and  on  the  other  hand  to  permit  them  to  be  run 
in  small  grooves  in  strips  of  wood,  as  in  molding  work.  The  solution 
to  this  somewhat  theoretical  objection  is  found  in  the  fact  that  in 
molding,  the  wires  are  completely  enclosed  in  a  wire-way  especially 
designed  for  them,  rather  than  allowing  them  to  hang  or  be  drawn 
over  wood  objects  in  a  more  or  less  accidental  manner  with  no  real 
protection,  and  a  still  better  solution  is  to  be  found  in  the  unques- 
tionable fact  that  the  use  of  molding  under  proper  conditions  has 
proved  generally  satisfactory.  The  use  of  wikmI  molding  is,  how- 
ever, prohibited  in  many  large  cities  by  local  orilinances. 

Wood  molding  should  Jiever  be  used  in  concealed  spaces  or  in 
damp  places  or  for  voltages  over  300.  The  rule  as  to  damp  places 
precludes  its  use  in  cellars  and  basements,  anywhere  out-of-doors 
and  generally  on  outside  brick  walls  wiiich  are  often  more  or  less 
damp  and  likely  to  "sweat"  and  thus  introduce  moisture  back  of  tlie 
molding.  If  the  wood  molding  becomes  soaked  with  water  there 
is  a  li&bility  of  leakage  of  current  from  one  conductor  to  the  other  or 


Digitized  by  VwjOOQIC 


102 


UNDERWRITERS'  REQUIREMENTS 


to  "ground."  If  conductors  in  molding  become  overheated  by 
excess  current  the  wood  may  become  charred,  and  charred  wood  is  a 
fair  conductor.  The  possibility  of  fire  from  such  a  cause  is  evident. 
Molding  should  be  made  of  hard 


**: 
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Fi<,  99.     SectioD  of  Two-Wiro  Maldinit 


wood  and  should  be  thoroughly 
impregnated  inside  and  out  with 
apaint-or  moisture-repellant.  It 
must  be  made  in  two  pieces,  a 
backing  containing  the  wire 
groo\'es,  and  a  capping.  The 
tongue  betw«4i  wires  must  Im-  at  least  J  inch  thick  and  the  wood 
under  the  grooves  must  be  at  least  ^  inch  thick.  Figs.  99  and  100 
gi\'e  the  forms  of  two- 

-  ^^^ P  — j=  "^ —     and  three- wire  moldings, 

f-r^ 1 1  I        I  r^   I        Larger    moldings    are 


■^^Abj-Aa-|^-Ab-j»c'o       sometimes    used    for 


I        heavier  wires  but  gener- 

■-■    ,^    o   ,■      ITT,     «■■    1.  ij-  allv  only  small  conduc- 

riB,  lOO,     Suction  ol  Tbrci,'-"irP  Moldmp  '  ' 

tors    are    placed    in 

wood  moldings.      Only  good   rubber-covered  wire   should   be  used 

and  no  joints  or  .splices  niiulo  in  the  wires  in  the  molding,  but  where 

branch  taps  art;  necessar\'  some  form  of  fitting  a])proved  for  the 

purpo.se  should  lie  employed.    Such 

^1WI|j|iF\  fittings  as  the  one  shown  in  Fig. 

IJB^  "  v|  11)1   ])rovidc   porcelain  bases   with 

l3^B  JHki  stiitublc  biiuliiig  screws  for  the  main 

and   the  branch  wires  and  a  cover 

over  the  joints. 

A  large  variety'  of  receptacles 
(both  for  lamps  and  plug  connec- 
tors), rosettes,  etc.,  are  available  for 
use  with  wood  molding  and  should 
Ih.'  used  instead  of  the  ordinary  pat- 
terns. Where  it  is  desired  to  insert 
a  snap  switch,  either  a  special  switch 
ii])pn>ved  for  mounting  directly  on 
iircclairi  or  hard  wood  on  wliich 


I  <i  i^ 


thi 


luldin;^ 


the  switch  can 


iuo-tiast'  ol  jxin 

rely  fastened  should  be  employed. 
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Wood  molding  is  often  used  in  connection  with  other  types  of 
A'iring  and  in  such  cases  special  attention  should  be  ^ven  to  making 
a  good  mechanical  job  where  the  conductors  enter  or  leave  the  mold- 
ing. Fig.  102  shows  one  form  of  protector  for  use  in  protecting 
wood  molding  at  floor  levels.  The  capping  should  be  carefully 
and  tightly  nailed  in  place  and  under  no  circumstances  should  fix- 
tures be  attached  to  molding  or  any  hooks  or  nails  be  driven  into  it 
for  the  support  of  lamp  cords  or  other  objects.  The  use  of  wood 
molding  in  show  windows  is  undesirable :  ^rai,  because  of  the  damp- 
ness apt  to  exist  there;  and  secmid,  because  in  the  process  of  decorat- 
ing windows  and  arranging  displays  of  merchandise  nails  will  surely 
be  driven  into  the  molding  with  resultant  injury  to  the  insulation  of 
the  wires. 

In  conclusion,  it  may 
be  said  that  wood-molding 
work  is  cheap  and  may  be 
used  properly,  but  is  in- 
ferior to  most  types  of  wir- 
ing. 

Metal  Molding.  Re- 
cently several  types  of  metal 
molding  have  been  intro- 
duced which  are  free  from 
some  of  the  objections  ad- 
henng    to   wood   moldmg, 

and  make  possible  a  neat,  inexi>eiisive,  and  convenient  installation. 
In  these  moldings,  as  in  those  of  wood,  the  wire  is  laid  In,  not  drawn 
in  as  in  conduits,  and  is  covered  bj'  a  metal  capping.  At  present  the 
underwTiters'  rules  limit  its  use  to  circuits  requiring  not  more  than 
132()  watts  of  energy. 

Special  fittings  are  provided  for  angles,  bends,  taps,  and  crosses, 
and  for  switch,  rosette,  and  receptacle  bases.  The  mokling  can  be 
bent  for  slight  curves  or  offsets  and  when  carefullj'  installed  gives 
good  results.     Fig.  103  shows  such  a  molding  and  fittings. 

Metal  molding  must  be  continuous  from  outlet  to  outlet  and 
where  it  passes  through  floors  it  must  he  enclosed  in  an  iron  pipe  for 
added  protection.  The  backing  must  be  secured  hy  screws  or  bolts 
with  heads  countersunk  so  as  not  to  ()bstruct  the  wire-wav.    Between 
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lengths  nf  molding  and  at  all  fittings  and  outlet  boxes  the  joints  must 
be  mechanically  and  electrically  Hecured.  The  fundamental  idea 
is  to  secure  an  absolutely  continuous  metallic  conductor  throughout 
the  entire  run  of  molding  and  in  addition  the  molding  must  be  well 
grounded  in  a' permanent  manner.  In  this  respect  the  molding  is 
regarded  in  the  same  light  as  rigid  metallic  conduit.    The  reasons 


for  requiring  good  electrical  continuity  and  grounding  will  be  ex- 
plained later  when  the  subject  of  conduit  is  considered. 

Concealed  Work.  This  kind  of  wiring  is  also  often  called  "knob 
and  tube"  work  since  the  wires  are  held  on  knobs  and  passed  through 
tubes  of  porcelain.  The  great  advantage  of  this  method  of  wiring 
consists  in  the  chea])ncBS  and  ease  with  which  a  building,  especially 
a  frame  building,  can  be  wired.  The  greatest  objection  to  the  knob 
and  tube  work  lies  in  the  fact  that  the  wires  are  wholly  unprotected 
from  mechanical  injury  and  the  building  is  not  protected  from  the 
results  of  arcing  between  wires  in  case  of  a  cross  or  short-circuit. 
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It  is  no  doubt  true  that  knob  and  tube  wiring  is  the  least  reliable 
form  of  electric  work  and  inferior  to  good  conduit  or  armored  cable. 
Where  wires  can  be  run  open  and  are  not  exposed  too  much  to 
mechanical  injury,  they  are  probably  somewhat  safer  than  when 
concealed  on  jwrcelain  supports  in  walls,  floors,  and  partitions.  Open 
wiring  is  not  possible  in  residences  or  where  good  appearance  is  a 
requisite,  and  the  somewhat  greater  cost  sometimes  prevents  the 
use  of  conduit.  Therefore,  recourse  is  made  to  concealed  wiring  and 
where  an  installation  is  carefully 
made  a  reasonably  good  result 
may  be  obtained.  In  many  cities 
concealed  work  is  entirely  for- 
bidden within  "fire  limits",  that 
b,  in  the  closely-built  sections 
but  it  is  still  very  extensiveh 
emplojed  in  places  where  first 
cost  and  quickness  of  installation 
are  the  prime  factors.  Onh 
good  rubber-covered  wire  is  al 
lowable  in  concealed  work. 

Approved  Instnllation  in  n 
.  Residence.  The  wiring  of  a  resi 
dence  may  be  taken  as  in 
illustration  of  how  the  work 
.should  be  done.  The  service 
wires  are  brought  in  through 
the  wall  near  the  ground  pre- 
ferably in  iron  con<luit  but  allowably  through  bushings  with 
drip  loops  outside,  Fig.  104.  As  near  as  practicable  to  the  point  of 
entrance  is  placed  the  main  ser\ice  fuse  and  switch.  These  should 
be  in  a  suitable  cabinet  though  this  is  not  obligatory.  It  should  be 
understood  that  the  wiring  is  placed  during  the  erection  of  the 
building.  In  an  ordinary  frame  building  the  wiring  will  be  done 
just  after  the  rough  flooring  and  the  partition  studding  has  been 
placed,  but  before  the  lathing  or  any  plastering  is  done.  It  should 
all  be  completed  except  the  final  connection  of  service  wires,  fixtures 
and  fittings  before  any  of  it  is  enclose*!  or  hidden,  so  that  inspection 
may  be  made  while  all  parts  are  accessible  and  visible. 
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From  the  service  cabinet  and  meter  as  many  circuits^are  run  as 
may  be  required  to  feed  the  lamps  and  other  devices  to  be  connected. 


each  being  fused  at  tlii'  ,siT\-i<'e  center  unless  there  is  no  change  at  that 
point  in  the  size  of  wires.  These  circuits  will  pass  up  through  the 
floor  within  porcelain  tubes  and  will  thence  be  carried  on  porcelain 
knobs  fastened  to  the  timbers  and  studding  not  more  than  41  feet 
apart.  Where  the  wires  pass  through  floor  timbers,  porcelain  tubes, 
straight  and  smooth,  must  be  used  in  holes  bored  in  the  wood  and 
just  lai^e  enough  for  the  tubes.  In  general  we  may  say  that  knobs 
arc  used  where  the  wires 
riui  j)arallel  with  floor 
beams,  and  tubes  where 
tin  wires  .ire  run  at  right 
angUs  to  the  beams. 
Fig  l()j  sliows  the  gen- 
eral method  and  Fig.  106 
illustrites  a  two-piece 
kiiiih  These  are  re- 
quir((i  for  wir(^  h--- than  Ni)  "^  H  ii  ^  giugt  anil  are  ])referable  to 
ont-piut  kniib>  whuh  ruid  i  tu -win  'Ihi.  wirts  should  be  run 
Mugl^  on  squratt  tuiibers  and  niu-t,  «\(ept  as  not*. d  Ih-Iow,  be  kept 
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everywhere  5  inches  apart.     Fig.  107  shows  clearly  the  use  of  the 
knobs  and  tubes,  but  the  tubing  shown  on  two  of  the  upper  wires 


13  objectionable  and  knobs  sliould  have  been  used  instead.  It  is 
very  desirable  to  use  metal  outlet  boxes  at  all  outlets  and  the  added 
expense  of  so  doing  is  not  large.    Where  flush  switches  or  receptacles 
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are  used,  metal  boxes  are  absolutely  necessary  and  in  Fig.  108  several 
such  boxes  are  shown  as  well  as  the  method  of  mounting  them  on 
cross  strips  between  the  uprights.  This  illustration  shows  also  an 
allowable  use  of  flexible  non-metallic  tubing  on  wires  in  concealed 
work  where  it  is  impracticable  to  maintain  the  5-inch  separation. 

Fig.  109  shows  at  the  bottom  the  extra  porcelain  tube  which 
should  be  put  on  each  wire.passing  through  timber  at  the  bottom  of 
a  plastered  wall  to  protect  it  from  the  droppings  of  wet  plaster  which 
will  fall  on  it  during  the  process  of  closing  in  the  wall  surface.  This 
picture  also  shows  very  clearly  the  flexible  tubing  which  must  sepa- 
rately enclose  each  wire  at  every  outlet,  reaching  from  the  last  porce- 
lain support  into  a  switch  box,  or  on  ceiling  or  wall  outlets,  where 
no  box  is  used,  at  least  1  inch  beyond  the  surface.  In  the  case  of 
combination  gas  and  electric  fixtures  the  tube  must  extend  at  least 
flush  with  the  outer  end  of  the  gas  pipe  as  in  Fig.  1 10. 

When  in  a  concealed  knob  and  tube  system,  it  is  impracticable 
to  place  the  whole  of  a  circuit  on  non-combustible  support  of  glass 


Fig.  110.     Section  Throu(h  Floor  Sboi 


OF  porcelain,  that  portion  of  the  circuit  which  cannot  be  so  supported 
must  be  installed  with  approved  metal  conduit,  or  approved  armored 
cable,  except  that  if  the  difference  of  potential  between  the  wires  is 
not  over  300  volts,  and  if  the  wires  are  not  exposed  to  moisture,  they 
may  be  fished  if  separately  encased  in  approved  flexible  tubing,  extend- 
ing in  continuous  lengths  from  porcelain  support  to  porcelain  sup- 
port, from  porcelain  support  to  outlet,  or  from  outlet  to  outlet. 

Tkere  can,  of  course,  be  no  assurance  that  suck  fished  wires  do  not 
lie  in  chte  contact  with  gas  or  water  pipes,  or  other  wires,  and  so  there 
ia  need  qf  the  protecting  tubing. 

In  jud^ng  an  installation  of  wires  in  concealed  work,  special 
attention  should  be  paid  to  the  wire  joints.  The  rules  allow  these 
to  be  made  in  concealed  spaces  by  means  of  soldered  joints  well 
oovered  with  both  rubber  and  friction  tape.    The  wiring  is  usually 
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on  tlu'  so-callod  "tap  plan,"  tliat  is,  tai>s  or  brandies  taken  off  wher- 
ever con\Tnii'iit.  The  necessity  for  };on(l  workmanship  is  evident 
as  IhwI  joints  may  easil\'  set  fire  in  dry  floor  and  wall  spnecs.     Fig. 


in  shows  sncli  a  d.-frciivc  jnim  whiih  wns  r..im<l  hehiiid  a  lath-iind- 
lilastcr  parlitiiiii.  Thi'  juiiit  was  imt  tapcil  ami  was  liot  when  dis- 
cDvrrcd.  Wliat  is  callcfi  tlic  "lixip-phin"  is  occasionally  employed, 
all  jl>int^  iir  ta]is  hciiig  made  at  outlets  whert.'  suitahle  boxes  are 
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provided.  This  involves  the  use  of  more  wire,  makes  the  conditions 
at  outlets  more  crowde<l,  and  is  perhaps  not  as  good  for  concealed 
work  under  the  conditions  usually  obtainable.  Either  system  is 
permitted  by  the  rules. 

Armored  Cable.  Armored  cable  for  interior  nHring  consists  of 
double-braided,  rubber-insulated,  twin  wires,  covered  with  a  spiral 
steel  strip  armor  which  protects  the  conductors  from  injury  and  is 
at  the  same  time  flexible.  It  is  largely  used  in  wiring  old  buildings 
since  it  can  be  drawn  into  concealed  spaces  without  fear  of  injuring 
the  conductors.  It  is  also  used  for  new  work  and  is  in  some  ways 
easier  and  cheaper  than  rigid  conduit.  Fig.  112  shows  a  piece  of 
twin-conductor  house  cable  and  some  of  the  fittings  for  use  with  it. 


With  armored  cable  all  joints  must  be  made  at  outlets  or  in  cabinets 
or  junction  boxes  which  are  always  accessible.  Xo  ta])s  or  joints 
are  permissible  except  at  such  outlet.s  or  boxes.  Great  care  should 
be  taken  to  secure  the  armor  \-er\'  firml,\-  to  all  outlet  boxes  in  a  way 
to  give  a  good  connection  btrth  ele(;tric!illy  and  mechanically,  and 
the  armor  system  must  be  permanently  and  reliably  gwundvd.  \\'hcn; 
dampness  may  be  expected  there  must  be  a  load  sheath  between  the 
bruded  wires  and  the  outer  armor  since  the  cable  is  not  thoroughly 
moisture-proof. 

Armored  cable  installations  are  sujierior  to  molding,  ojx'u  work, 
OT  concealed  work,  in  that  the  wires  are  better  i)rotf(ttcd.  llie  fact 
that  twin  wire  is  used  instead  of  separate  conductors  is  at  least  a 
theoretical  disadvantage,  and  the  cable  unless  leaded  is  not  absolutely 
waterproof. 
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The  chief  disadvantages  of  armored  cable  as  compared  with 
rigid  conduit,  consist  in  the  somewhat  greater  difficulty  of  making 
good  connections  to  the  armor  at  outlets  and  still  more  in  the  im- 
possibility of  drawing  out  wires  which  have  proved  defective.  How- 
ever, for  many  places  a  thoroughly  good  job  can  be  done  with  armored 
cable.    Fig.  113  shows  a  characteristic  piece  of  work  of  this  sort. 

Conduit  Work.  The  earlier  forms  of  conduit  for  interior  wiring 
were  made  of  paper  or  fiber  and  later  of  paper  with  a  thin  brass 
casing  but  these  forms  are  now  obsolete  and  entirely  displaced  by 
steel  conduits  made  of  either  rigid  pipe  or  flexible  steel  spirals.  A 
limited  use  is  still  made  of  a  form  of  conduit  having  a  steel  pipe 
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lined  with  a  heavy  paper  im|>regnated  with  some  material  to  exclude 
moisture.  This  is,  however,  goinj;  out  of  use  and  almost  all  conduit 
work  is  now  done  with  iinlincd  piix".  Coiuluit,  however,  differs  from 
ordinary  commercial  pipe  such  as  is  used  for  gas,  water,  or  steam, 
in  that  it  is  cari'fully  cleaned  in  the  process  of  manufacture  and  then 
protected  from  rust  both  insi<le  aii<l  outside  by  a  good  baked  enamel 
or  by  some  form  of  zinc  coating.  Rigid  conduit.  Fig.  114,  gives  a 
rather  more  workmanhke  job  t\y,in  flcj^ible  conduit.  Fig.  115,  but  the 
latter  can  be  used  in  some  places,  especially  in  old  buildings  where 
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the  use  of  rigid  pipe  would  be  impossible.  If  well  fastened  at  all 
outlets  and  at  all  bends  it  affords  a  protection  to  wires  second  only 
to  the  rigid  conduit.    The  complete  protection  afforded  by  conduit 


Fit.  U*-     Kicid  Canduit 

both  of  the  wires  from  mechanical  injury,  and  of  the  surrounding 
parts  of  the  building  from  fire  resulting  from  a  burn-out  of  the  wires, 
makes  conduit  work  undoubtedly  the  safest  form  of  electrical  in- 
stallation and  one  which  is  becoming  more  and  more  used,  not  only  in 
the  more  expensive  type  of  buildings  but  also  in  cheaper  work  as  well. 

The  essential  principle  of  conduit  work  is  to  furnish  a  complete, 
strong  and  unbroken  metal  enclosure  for  conductors  between  outlets 
and  to  give  to  this  metal-pipe  system  an  electrical  continuity  and 
carrying  capacity  sufficient  to  serve  as  a  safe  path  for  any  current 
which  the  failure  of  conductors  within  may  impose  upon  it,  for  a 
time  long  enough  to  operate  the  fuses  or  circuit  breakers  protecting 
such  conductors.  It  is  also  an  essential  characteristic  of  a  correct 
conduit  installation  that  all  conductors  can  be  drawn  in  after  the 
entire  conduit  system  is  put  into  position  and  can  at  any  subsequent 
time  be  drawn  oui  in  case  any  wire  fails  and  must  be  replaced. 
TTiese  fundamental  ideas  will  explain  the  reasons  for  most  of  the 
details  prescribed  in  underwriters'  rules  for  conduit  work. 

The  construction  details  of 
steel  conduit  will  be  briefly 
discussed  later  and  we  consider 
here  onlymethodsof  installing  it. 

There  must  be  no  breaks  in 
the  conduit  system,  that  is,  the 
pipe  must  be  continuous  from 
outlet  to  outlet  or  junction 
boxes.  At  every  outlet  metal 
boxes  must  be  provided  which 

the  conduits  must  properlj-  enter  and  to  which  thej'  must  be  me- 
chanically secured.    This  is  usually  accomplished  by  means  of  either 
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threaded  lock  nuts  on  the  pipe  outside  the  box  and  threaded  bushings 
on  the  pipe  inside  the  box  or  by  threading  the  conduit  into  tapped 
holes  in  the  box.  With  flexible  conduit  a  special  approved  clamp  must 
be  used  for  this  purpose.  Fig.  116  shows  a  box  with  a  rigid  conduit 
on  one  side  and  a  flexible  conduit  on  the  other  side  together  with  a 
few  of  the  fittings  used  in  connection  with  it.  No  conduit  having 
an  internal  diameter  less  than  3  inch  is  allowable  since  this  is  as 
small  as  will  |)ermit  wires  of  required  minimum  size  to  be  drawn  in 
without  injury. 

All  elbows  and  bends  in  the  piping  must  be  so  made  that  the 
conduit  will  not  be  injured  and  there  should  not  be  more  than  the 
equivalent  of  four  quarter  turns  from  outlet  to  outlet,  not  counting 
bends  at  the  outlets  themselves.  If  more  turns  are  required,  or 
wherever  it  would  be  difficult 
to  draw  in  the  wires,  addi- 
tional outlets  called  junc- 
tion- or  pull-boxes  should  be 
put  in  to  facilitate  the  inser- 
tion of  the  wires.  There 
should  be  no  sharp  edges, 
burrs  or  other  obstructions 
either  in  conduits,  at  coup- 
lings between  lengths,  or  at 
outlets,  as  they  are  apt  to 
injure  the  wire  coverings. 
Therefore,  all  ends  of  pipe 
should  be  reamed  out  before 
the>"  are  put  into  the  pipe 
couplings  or  into  boxes,  and 
all  bushings  should  have  smoothly  nmndcd  edges. 

The  entire  conduit  system  nnist  Ih;  installed  complete  and,  in 
fact,  all  the  mc(;hanical  work  on  the  building  must  be  completed  as 
far  as  possible,  before  any  conductors  are  drawn  into  the  conduits.  . 

Pains  must  l)e  taken  to  make  all  joints  tight,  so  that  there  will 
be  no  bad  electrical  connections  between  parts  of  the  metal  system. 
It  is  not,  of  course,  expected  that  under  normal  conditions  the  con- 
duits will  carry  any  current,  but  under  some  circumstances  if  the 
insulati(m  of  a  wire  fails,  current  may  pass  over  the  conduit.    If  the 
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conduit  is  well  grounded  and  all  joints  are  well  made  a  safe  path  to 
"ground"  is  afforded  for  a  current  large  enough  to  blow  the  fuses 
protecting  the  circuit,  thus  cutting  off  the  current  before  the  pipe  is 
overheated  or  burned  through  at  the  point  where  the  bared  wire  has 
cotne  into  contact  with  it. 

Conduits  and  gas  pipes  must  be  securely  fastened  in  metal 
outlet  boxes  so  as  to  secure  good  electrical  connection.  Where  boxes 
used  for  centers  of  distribution  do  not  afford  good  electrical  connec- 
tion, the  conduits  must  be  joined  around  them  by  suitable  bond  wires. 
Where  sections  of  metal  conduit  are  installed  without  being  fas- 
tened to  the  metal  structure  of  buildings  or  grounded  metal  piping, 
they  must  be  bonded  to  a  permanent  and  efficient  ground  con- 
nection. 

It  is  rarely  possible  to  perfectly  insulate  a  conduit  system 
throughout,  and  a  positive  ground  is,  therefore,  required,  so  as  to  pro- 
vide a  definite  path  for  leaking  currents  and  thus  prevent  them  from 
escaping  through  parts  of  a  building,  etc.,  where  they  might  do  harm. 

The  size  of  conduit  which  should  be  used  for  different  sizes  of 
wire  or  for  different  numbers  of  wires  of  specified  size,  depends  upon 
the  length  of  run  between  outlets  where  wires  can  be  pulled  or  fed  in, 
upon  the  number  and  the  radius  of  bends  and  the  thickness  of  the 
insulation  on  the  wires.  The  rules,  however,  state  that  the  same 
conduit  must  not  contain  more  than  four  two-wire,  or  three  three-wire 
circuits  of  the  same  system,  except  by  special  permission  of  the 
Inspection  Department  having  jurisdiction,  and  must  never  contain 
circuits  of  different  systems,  that  is,  from  different  generators 
whether  of  the  same  voltage  or  not  or  whether  both  d.  c.  or  a.  c,  or 
one  of  each. 

In  tall  buildings  special  provision  must  be  made  to  support  the 
conductors  in  the  vertical  conduits  to  remove  their  weight  from  the 
connections,  and  the  spacing  of  supports  in  such  cases  is  prescribed  as 
follows:  No.  14  to  0  every  100  feet;  Xo.  00  to  0000  every  80  feet; 
0000  to  350,000  c.  m.  every  60  feet;  350,000  c.  m.  to  500,000  c.  m. 
every  50  feet;  500,000  c.  m.  to  750,000  c.  m.  everj'  40  feet;  750,000  c. 
m.  every  35  feet. 

The  following  methods  of  supporting  cables  are  recommended: 

(1)  A  turn  of  90  (JcgrcfK  ill  the  cunduit  system  will  constitute  a. satis- 
factory support. 
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(2)  Junction  boxes  may  be  inserted  in  the  conduit  ayatem  at  the  re- 
quired intervals,  in  which  insulating  aupports  of  approfed  type  must  be  in- 
stalled and  secured  in  a  satisfactory  manner  so  as  to  withstand  the  weight  of 
the  conductors  attached  thereto,  the  boxes  la  be  provided  with  proper  covers. 

(3)  Cables  may  be  supported  in  approved  junction  boxes  on  two  or 
more  insulating  supports  so  placed  that  the  conductors  will  be  deflected  at 


117.     Met! 


an  anKle  "f  not  less  fhan  90  drurccs, 
Iwifc  the  diiinictrr  of  the  cable  from  it 
may  be  additionnllv  scevircd  to  these  i 

The  sc('<»iid  iiu'thod  is  illustrated  in  Fij;.  117  where  a  space  has 
been  left  in  conduit  risers.    The  con<]iietors  n!ll  be  held  to  the  back 


,  and  cnrrietl  a  distance  of  not  less  than 
f  vertical  position.  Cables  so  suspended 
iisulalors  by  tie  wires. 
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pl&tes  by  clamps  and  the  whole  will  finally  be  enclosed  in  a  heavy 
steel  box  which  will  form  the  connecting  bond  in  the  riser  system. 
Fig.  1 18  shows  one  form  of  cable  clamp  used  for  this  purpose. 

Wires  for  conduit  must  be  rubber- 
covered  and  have  a  double  braid  over 
the  rubber.  Twin  wires  are  universally 
used  for  the  smaller  sizes.  No.  14  to  No. 
10,  and  these  have  a  braid  over  the  rub- 
ber of  each  conductor  and  a  second  braid 
over  both  conductors  together.  For 
larger  sizes  single  conductors,  double 
braided,  are  used  and  for  the  largest 
sizes  only  one  conductor  is  usually  run  in 
a  pipe     It  should  be  noted,  however,  v,onauit  oysiem 

that  for  alternating-current  systems  the  two  or  more  wires  of  any 
one  circuit  must  be  drawn  in  the  same  pipe  since  otherwise  there 
will  be  excessive  heating  of  the  metal  pipes  due  to  a  magnetic  action 
peculiar  to  alternating  currents  and  known  as  "induction,"  Fig. 
119  shows  three  large  feeder  ducts  passing  out  of  a  steel  service  box. 
In  this  case  the  circuit  was  three-wire  direct  current. 

The  design  of  a  conduit  system  of  wiring  for  a  large  building 
may  be  a  problem  of  some  magnitude  involving  no  little  engineering 
skill  and  experience  if  the  most  economical,  efficient,  and  sightly 
results  are  to  be  secured.  A  full  exposition  of  the  methods  followed 
and  the  reasons  for  them  does  not  fall  within  the  scope  of  this  book 
but  the  following  general  considerations  are  of  some  value  in  judg- 
ing both  the  advantages  of  conduit  work  and  the  excellence  of  any 
given  installation.  In  all  conduit  work  it  should  be  remembered 
that  no  taps  or  joints  are  permitted  in  conductors  except  at  outlets, 
junction  boxes,  and  cabinets,  and  that  all  these  must  be  in  accessible 
places.  By  accessible  is  meant  accessible  not  only  during  the  process 
of  installation  of  the  system  but  also  after  the  building  is  completed 
and  in  use.  A  junction  box  is  not  "accessible"  if  it  is  necessary  in 
order  to  get  at  it,  to  take  up  portions  of  floors  or  make  openings  in 
ceilings  or  side  walls.  This  prime  requisite  of  conduit  work  makes 
it  necessary  to  run  all  conductors  on  the  "loop"  plan  which  means 
that  all  lines,  branches,  and  control  circuits  (as  to  switches)  will  con- 
M.st  of  a  pair  of  wires  starting  at  the  same  point  at  some  outlet  box 


Digitized  by  VwjOOQIC 


118 


UNDERWRITERS'  REQUIREMENTS 


or  cabinet  and  running  generally  in  the  same  pipe  to  some  other  out- 
let where  the  socket,  switch,  or  other  device  is  placed.  Conduit 
systems  may  be  made  with  the  piping  concealed  or  exposed  as  may 
be  dictated  by  the  character  of  the  building  and  the  finish  desired. 
In  frame  buildings  where  the  electric  installation  is  put  in  during 
the  original  construction  the  conduits  are  placed  after  the  main 
framing  and  partitions  are  in  position  and  will  be  arranged  to  pass 
through  walls  and  floors  with  the  outlet  boxes  and  cabinets  set  and 
fastened  securely  at  or  very  near  the  places  where  they  will  be  when 


the  Iniildinf!  is  done.  In  layiiif;  out  such  work  little  regard  need  be 
paid  to  having  pipes  run  straight  or  |)iirallel  to  each  other  so  long  as 
they  are  so  shape<i  at  IicikIs  and  otherwise  disposed  as  to  make  it 
easy  to  draw  in  the  wires,  Tlie  chief  considerations  are  the  position 
of  outlets,  the  i»r()per  plin;  sizes  for  the  wires,  and  the  proper  subdi- 
vision to  secure  correct  fusing  of  incandescent  lamp  circuits  accord- 
ing to  the  rule  which  permits  not  over  OGU  watts  on  any  such  circuit. 
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Characteristic   Conduit   Installation.     Fig.    120   shows   a  char- 
acteristic layout  for  conduits  and  outlets  for  a  small  apartment 


At  the  point  marked  "riser"  a  main  conduit  rises  from  the  "service" 
in  the  basement  and  on  each  floor  has  a  cabinet  where  the  supply 
wires  for  that  floor  are  taken 
(iff  and  fused  and  where  the 
meter  may  be  installed.  In 
laying  out  such  a  s;-stem  of 
con<luits  or  in  inspecting  it 
one  should  start  from  the 
service  entrance  cabinets 
from  which  the  conduits 
should  enter.  If  this  cabi- 
net contains  not  only  the 
service  fuses  but  also  the 
sub-fuses  of  the  branches, 
the  se\'eral  circuits  should  be 
examined  to  see  that  they  are 
properl.\-  fused,  and  that  they 
are  distributed  in  pipes  of 
adequate  .size.  The  He\-eral 
runs  of  conduit  should  then 
be  followed  throughout  their 
entire  length  to  see  that  ull 
couplings  between  pipes  and 
iill  attachments  to  outlet 
boxes  are  thorouglily  tight  and  tliat  both  conduits  and  boxes  are 
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fastened  by  straps  or  screws  so  that  no  stmn  will  be  put  upon  the 
screwed  joints.  Care  should  be  taken  to  see  that  there  are  no  sharp 
bends  anywhere  and  that  no  more  outlets  are  set  in  one  circuit  than 
b  proper  and  that  all  are  accessible.  Observe  whether  due  provision 
has  been  made  for  installing  fuses  wherever  there  will  be  a  change  in 
the  size  of  wire.  It  is  often  cheaper  and  more  satisfactory  to  continue 
a  somewhat  larger  wire  than  is  required,  than  to  change  to  a  smaller 
size  and  insert  fuses.  In  no  case  should  fuses  be  installed  in  small 
outlet  boxes,  but  only  in  junction  boxes  or  cabinets  of  ample  size. 
After  the  wires  have  been  drawn  in,  observe  whether  it  is  pos- 
sible to  trace  a  given  pair  from  outlet  to  outlet  and  if  there  b  doubt 


r 


\  / 


Fig.  122.     FLlllnjM  Used  foi  EipoBcd  Cnn 


on  an>'  point  it  may  be  riecessar\-  to  demand  that  certain  wires  be 
drawn  out  for  inspection.  There  should,  of  course,  be  absolutely 
no  corners,  Y-shaped  fittings,  or  otiier  devices  in  any  place  which 
will  prevent  any  or  all  wires  from  being  taken  out  and  replaced  at 
any  time  even  after  the  building  is  completed.  It  is  well  to  observe 
whether  there  are  bends  or  traps  in  the  piping  in  which  water  result- 
ing from  condensation  or  otherwise  can  collect.  All  conduit  should 
be  practically  uninjured  by  the  work  done  on  it,  all  pipe  ends  should 
be  threaded  an<l  reamed  and  the  entire  metal  s\'stem  should  be  firmly 
supported  and  secured  so  as  to  be  free  from  vibration  or  rattle.  The 
system  must  be  electrically  continuous  throughout  and  must  be 
permanently  and  effectively  grounded. 
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Where  conduits  are  run  exposed,  more  attention  should  be  paid 
to  appearances.  All  runs  should  be  in  straight  lines  parallel  to  walls 
of  the  rooms  and  arranged  in  a  symmetrical  and  orderly  manner. 
Smaller  sizes  of  conduit  can  usually  be  fastened  to  ceilings  or  walls 
by  ordinary  pipe  straps,  but  where  large  conduit  is  used  some  form 
of  pipe  hanger  is  required  and  there  are  special  patterns  of  a  variety 


of  designs.  Where  a  numl>er  of  conduits  are  run  parallel  the  form 
of  supports  shown  in  Fig.  121  is  excellent.  With  exposed  conduit  a 
variety  of  fittings  can  be  used  for  outlets,  junction  l)oxcs,  and  the 
like,  which  add  much  to  the  neat  appearance  and  also  provide  for 
joints  and  traps  as  well  iis  for  moinitiiig  sockets,  switches,  and  other 
small  devices.    Fig.  122  shows  a  few  such  fittings  for  exposed  conduit. 
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These  are  made  with  threaded  nipples  into  which  the  conduit  may 

be  screwed  and  when  so  used  these  fit- 

kJ^jH^^HHH^  ^  tings  need  not  be  fastened  to  the  wall 
^^^I^HIIIk  *  or  ceiling  in  any  way,  but  are  considered 
^HIb^^IIIII^^  to  be  firmly  enough  held  by  the  pipe 
itself.  However,  if  boxes  requiring  lock 
nuts  and  screw  bushings  on  pipes  are 
employed  they  must  be  separately  se- 
cured to  the  surface  of  wall  or  ceiling 
by  screws  and  all  cabinets  of  any  size 
whatever  should  be  so  fastened.  Ex- 
posed conduit  work  is  usually  employed 
in  factories,  warehouses  and  elsewhere 
if  the  finish  of  room  does  not  require  all 
piping  to  be  out  of  sight. 

Some  special  problems  arise  in  con- 
duit work  in  fireproof  buildings.  In 
these  types  of  structure  the  conduit 
work  is  done  after  the  rough  floor  work 
is  completed,  the  conduits  being  usually 
laid  on  the  tile  floors  so  as  to  be  covered 
l)j-  the  top  finish  of  cement  usually  laid 
over  the  tiling.  Fig.  123  shows  such 
an  installation  and  it  will  be  noted 
tliat  the  baseboard  and  all  side-wall 
outlets  have  been  placed,  before  the 
tile  partitions  between  the  rooms,  have 
been  set.  In  a  fireproof  building  it  will 
generally-  be  necessarj-  to  run  the  main 
risers  Itefore  the  floors  are  made  and  to 
jirrangc  for  the  distributing  cabinets  on 
each  floor.  Fig.  124  shows  a  cabinet 
in  place  in  the  unfinished  partition 
with  two  conduit  risers  entering  it  from 
hclow  and  the  branch  circuits  going 
out  from  the  top  to  various  parts  of  the 
building.  The  cabinet  in  this  case  has 
been  fastened  by  rods  above  and  below. 
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In  concrete  buildings  it  is  often  somewhat  difficult  to  place 
the  conduits  and  the  boxes  so  as  to  clear  the  reinforcing  material 
and  at  the  same  time  keep  the  metal  parts  well  covered  at  all  points. 
Special  methods  have  to  be  adopted  varying  with  the  type  of  con- 
crete construction  employed  but  in  all  cases  an  effort  should  be  made 
to  secure  proper  draining  of  conduits.    The  water  from  the  concrete 


is  very  liable  to  get  into  the  conduit  system  at  the-outlets  or  else- 
where, and  when  once  this  occurs  it  is  difficult  to  get  it  out.  Its 
presence  b,  however,  most  objectionable  as  it  tends  to  injure  the 
piping  by  rusting  and  also  to  deteriorate  seriously  the  insulating 
coverings  on  the  wires.  This  is  a  difficulty  which  should  be  considered 
in  locating  outlets  in  such  a  building  and  which  requires  very  great 
care  to  entirely  overcome.    It  is  a  matter  of  some  difficulty  at  times 
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to  secure  outlet  boxes  on  the  concrete  forms  or  in  correct  position 
where  tile  is  to  be  used  so  as  to  be  sure  that  they  will  be  in  the  right 
position  and  firmly  held  when  the  building  is  completed.  Ceiling 
boxes  should  be  held  by  special  hangers  from  each  box  up  into  the 
tile  or  concrete  and  reliance  should  not  be  placed  on  the  conduits 
alone  to  hold  them.  Boxes  set  where  tile  partitions  are  to  be  sub- 
sequently erected  should  preferably  be  held  b\'  iron  straps  to  adjacent 
steel  work  where\er  this  is  practicable.  Fig.  125  shows  how  this 
may  be  done. 

SPECIAL  INSTALLATIONS 

DECORATIVE  AND  COMMERCIAL  LIOHTINa 

Decorative  Lighting.  Decorative  lighting  by  means  of  incan- 
descent lamps  is  often  desired  either  inside  or  outside  buildings.  The 
chief  hazards  of  such  work  lie  in  the  use  of  inferior  materials  hastily 
put  together  and  poorly  located  and  fused.  The  \oltage should  never 
exceed  150  volts  in  such  work  and  not  more  than  1,320  watts  of 
energy  should  e\-er  Ik-  allowed  to  be  dependent  for  protection  upon 
a  single  cut-out.  It  is  highly  improper  to  take  current  for  such  sys- 
tems from  ordinary-  outlets  which  are  wired  for  only  small  currents, 
since  b\-  so  doing  the  wires  to  the  outlets  will  be  overloaded  and  the 
proper  fuses  for  the  wires  will  lia\e  to  l)e  replaced  by  others  of  too 
great  capacity  to  furnish  safe  protection.  The  supply  should  be 
taken  only  from  points  on  the  circuit  (as  at  distribution  boards  or 
panels)  where  the  f<)rrftt  fusing  and  wiring  can  be  provided  for. 

There  is  obvidusly  no  rcid  ilistiiiction  between  decoratire  lighting 
and  ordinary  liclitiuf;  arrangements  e.\cept  that  the  former  is  usually 
put  up  for  tem|>orarv  use  only.  If  these  temporary  circuits  are  in- 
stalled in  a  workmanlike  manner  ami  if  good  wire  and  good  sockets 
are  use<l  there  need  l>e  no  six-iial  hazard  provided  the  wires  are  not 
tacked  up  in  a  manner  liable  to  injure  the  insulations  and  are  not 
made  to  serve  as  supports  fur  iiiHamnialile  decorations  of  cloth  or 
paper.  Festoons  of  keyless  weatherproof  sixkets  well  connected  to 
standard  rubber-<-overed  wire  not  flexible  conl\  and  kept  separated 
from  all  combustible  stuH'.  do  not  pn'scnt  any  great  hazard  but  no  such 
installation  should  W  made  wiilioiit  great  care  and  should  never  be 
allowed  to  remain  as  a  permanent  in>tallation  unless  it  is  fully  pro- 
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tected  and  made  the  equivalent  of  standard  work  in  every  respect. 
The  use  of  extra  "carrier"  wires  for  such  festoons  is  very  desirable 
as  they  remove  all  strain  from  the  current-carrying  wires  and  con- 
nections. Show  windows  are  very  frequently  decorated  by  tem- 
porary electric  displays  of  all  sorts  especially  during  the  holiday  sea- 
son and  such  window  displays  are  very  often  wired  in  utter  disregard 
of  all  safe  rules.  The  wires  are  often  made  to  serve  as  supports  for 
merchandise  of  very  inflammable  material,  and  where  tinsel,  cotton 
batting,  and  similar  materials  are  employed,  the  conditions  are  ex- 
cellent for  a  rapidly-spreading  fire  if  any  electric  failure  should 
occur.  Incandescent  lamps  are  often  allowed  to  lie  against  inflam- 
mable materials  and  small  motor-operated  advertising  or  other  nov- 
elties may  contribute  their  share  to  the  danger.  The  fact  that  an 
installation  of  this  sort  is  "temporary"  does  not  lessen  the  hazard 
so  long  as  it  is  in  operation  and  should  not  in  any  sense  be  considered 
as  an  excuse  for  allowing  practices  which  are  known  to  be  danger- 
ous. Property  owners  are  often  ignorant  of  the  extent  to  which 
ill-advised  temporary  decorations  jeopardize  their  buildings. 

In  show-window  lighting,  the  lamps,  whether  temporary  or 
permanent,  should  be  placed  either  in  the  front  or  the  top  of  the 
window,  proper  reflectors  being  used  to  throw  the  light  upon  the 
goods  displayed.  This  plan  almost  invariably  gives  better  results 
in  lighting  than  lamps  placed  in  sight,  and  scattered  through  the 
window  and  among  the  goods,  and  is  also  very  much  safer. 

Outline  Lighting.  A  very  common  form  of  decorative  work  con- 
sbts  of  what  is  known  as  outline  lighting.  In  this  class  of  work  rows 
of  incandescent  lamps  are  used  on  the  exterior  of  buildings  to  outline 
the  chief  architectural  features,  to  mark  entrances,  etc.  Lamps 
and  wiring  used  for  such  purposes  inside  buildings  come  under  the 
regular  rules  for  inside  work  but  outside  outline  lighting  may  have 
special  treatment.  Only  low  potetitials  (under  .550  volts)  should  be 
used  and  the  wiring  should  be  either  open  or  trough  work,  or  in  con- 
duit. Molding,  either  wood  or  metal,  is  not  allowable  since  it  does  not 
afford  protection  against  moisture.  In  open  work  the  same  spacing 
of  wires  from  the  surface  {1  inch)  and  from  each  other  (2§  inches) 
must  be  maintained  as  in  all  exposed  wiring  in  damp  places.  If  the 
use  of  flexible  tubing  is  necessary,  as  at  crosses  or  where  regular 
^Ktcing  cannot  be  maintained,  the  ends  of  the  tubing  must  be  sealed 
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and  painted  so  as  to  exclude  moisture,  and  for  a  simitar  reason 
armored  cable,  if  used,  must  be  of  the  type  having  a  lead  sheath  over 
the  conductors  and  under  the  armor. 

In  order  to  assure  proper  control  and  fusing  of  outline-wiring 
circuits  they  should  have  their  own  separate  switch  and  fuses  enclosed 
in  a  suitable  metal  cabinet  which  must  be  watertight  if  placed  out- 
of-doors.  Small  candle-power  lamps  (2  to  4)  are  almost  always  used 
for  outline  wiring  and  may  be  so  grouped  on  the  tircuits  that  not 
more  than  1320  watts  will  be  dependent  on  a  single  pair  of  fuses. 
This  limitation  of  the  amount  of  wattage  to  he  carried  by  a  single  cir- 
cuit is  to  prevent  any  trouble  in  a  single  socket  causing  too  much 
arcing  or  burning  before  the  fuse  protecting  its  circuit  will  open.  All 
the  sockets  and  receptacles  in  outline  wiring  must  be  of  the  keyless 
porcelain  type  and  the  wires  connecting  them  must  be  soldered  to 
the  lugs.  With  conduit  work  in  outline  wiring  special  attention 
should  be  gi\'en  to  making  the  entire  sj'stem  as  water  tight  as  pos- 
sible. The  receptacles  set  in  the  co\-ers  of  steel  outlet  boxes  or 
conduits  should  be  pn>\ided  with  rubber  gaskets,  arid  similar  rubber 
rings  may  also  be  userl  to  advatitagc  about  the  bases  of  the  lamps  to 
prevent  the  entrance  of  water  into  the  receptacles  themselves. 

Electric  Signs.  An  endless  \ariet\-  of  electric  signs  are  shown 
on  the  streets  of  cities  and  towns  today,  from  the  simplest  illuminated 
panels  to  huge  structures  containing  many  hundreds  of  lamps  and 
operated  by  very  complicated  "flashing"  machines.  An  elaborate 
treatment  of  all  ty[)t's  of  signs  c-ann()t  be  given  here.  The  large 
signs  erecte<l  on  r«M)fs  should  come  uniier  the  supervision  of  the 
building  department  of  a  cit.\-  or  under  both  electric  and  building 
departments.  Many  of  these  signs  are  hazardous  because  of  the 
obstruction  they  oH'er  to  firemen,  the  large  amount  of  power  they 
use,  and  the  iiiaikquate  provision  made  for  cutting  off  current  from 
them  either  automatically  or  by  hand  switches  in  accessible  places.  . 
No  combustible  material  should  1r>  ])ermitted  either  in  or  near  such 
signs. 

It  is  preferable  that  all  tlic  wiring  be  in  I'onduit  but  where  this 
is  impracticable,  the  supports  and  spacing  of  wires  should  be  excellent 
and  the  sides  of  the  circuits  should  Ik-  kept  apart  preferably  by 
bunching  all  wires  of  one  jMilarity  into  cables  co\eretl  by  waterproof 
and  slow-burning  jackets.    Tile  mass  of  inflammable  rubber-covered 
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and  braided  wire  necessary  for  a  targe  sign  requires  skilful  arrange- 
ment to  avoid  a  serious  blaze  in  case  of  failure. 

Signs  of  every  size  sbould  be  "all  metal,"  sheet  steel  being  not 
less  than  No,  28  U.  S,  gauge  and  frames  being  in  all  cases  of  ample 
stiffness  and  strength.  Metal  parts  should  be  well  protected  by 
paint  or  enamel  and  the  sign  structure  should  be  reasonably  water 
tight  but  have  drainage  holes  in  the  bottom  to  let  out  any  water 
that  niay  collect  inside.  The  wires  should  be  soldered  to  all  recep- 
tacle terminals,  should  be  rubber-covered,  double-braided,  and 
brought  out  through  the  sign  structure  either  in  conduit  or  in  well 
spaced  porcelain  bushings  with  drip  loops.  In  supporting  the  sign 
attention  should  be  paid  to  pre\'enting  wear  or  abrasion  of  the  leading- 
in  wires  by  swinging  of  the  sign.  Many  cities  have  especially  elab- 
orate rules  for  the  placing  and  supporting  of  signs  designed  to  reduce 
the  possibility  of  their  falling  or  of  tlieirinterfering  too  much  with  the 
use  of  fire-escapes  or  the  work  of  firemen  in  case  of  fire  in  the  building. 

Sign  Flashers.  The  flashing,  and  other  verj-  elaborate  effects  of 
electric  signs,  are  accomplished  by  the  use  of  what  is  known  as  sign- 


Mh  /III  tifiH  Tlllr. 


machines  or  flashers.  Fig.  120,  which  consist  essentially  of  motor- 
driven  drum  switches  often  of  great  size  and  complexity.  These 
machines  are  hazardous  chiefly  from  their  use  of  many  necessarily 
rather  frail  single-pole  brush  switches  with  large  numbers  of  connect- 
ing wires  leading  to  them  and  from  the  fact  that  being  essentially 
automatic,  such  machines  are  liable  to  l>c  neglected  and  poorly 
maintained.  The  location  of  a  sign  machine  should  be  such  as  to 
remove  it  from  the  chance  of  accidental  injury  cjf  tampering,  to 
permit  the  direct  and  well  arratiged  running  of  circuits  to  it,  and 
to  render  it  accessible  for  cleaning,  adjusting,  and  inspecting  at  all 
times.  A  flasher  should  never  be  installed  in  a  closet  or  other  con- 
cealed space.  If  it  is  impracticable  to  mount  it  outside  the  build- 
ing near  the  sign,  as  is  preferable,  a  location  should  be  chosen  that 
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will  reduce  as  far  as  possible  the  amount  of  wiring  required.  A  plat- 
form or  shelf  over  a  doorway  and  just  inside  the  building  is  often 
the  best  place  available.  A  heavy  metal  cover  must  be  provided 
but  this  should  be  removable  so  as  to  permit  adjustment  of  all  operat- 
ing parts  within. 

THEATER  WIRING 

General  Specifications.  The  electric  equipment  of  theaters  is 
of  great  importance  both  because  of  the  large  value  of  these  properties 
and  also  because  of  the  life  hazard  involved  in  any  public  building 
in  which  large  numbers  of  people  assemble.  The  electric  equipment 
of  a  modern  theater  of  the  first  class  is  generally  very  elaborate, 
involving  as  it  does  not  only  the  brilliant  illumination  of  targe  rooms, 
the  stage,  and  many  smaller  apartments,  but  also  the  power  equip- 
ment for  handling  curtains,  scenery,  and  other  paraphernalia  and 
the  numerous  devices  of  special  character  for  producing  stage  effects. 
In  the  meaning  of  the  Code  a  theater  b  defined  as  a  building  or 
part  of  a  building  in  which  it  is  designed  to  make  a  presentation 
of  dramatic,  operatic  or  other  performances  or  shows  for  the  enter- 
tainment of  spectators,  which  is  capable  of  seating  at  least  400 
persons,  and  which  has  a  stage  for  such  performances  that  can  be 
used  for  scenery  and  other  appliances.  All  theater  wiring  not 
specifically  covered  by  special  rules  should  conform  to  standard 
rules  and  requirements  for  work  of  its  class.  The  special  rules 
naturally  di\ide  into  those  which  concern  the  protection  of  life 
chiefly  and  those  which  concern  primarily  the  fire  hazard,  though, 
of  course,  the  latter  have  a  direct  bearing  on  the  life  hazard  also, 
since  even  a  relatively  small  fire  in  a  theater  may  produce  a  panic 
resulting  in  injury  to  many  persons. 

For  the  purpose  of  insuring  the  most  reliable  maintenance  of 
proper  lighting  and  cimscquent  safety  and  freedom  from  panic  in  the 
audience,  tlie  uii<lerwriters'  rules  suggest  that  where  the  source  of 
electric  supply  is  outside  the  building  there  must  be  at  least  two 
separate  and  distinct  services  where  practicable,  fed  from  separate 
street  mains,  one  service  to  be  of  sufficient  capacity  to  supply  current 
for  the  entire  equipment  of  the  theater,  while  the  other  service 
must  be  at  least  of  sufficient  capacity  to  supply  current  for  all 
emergency  lights.  By  "emergency  lights"  are  meant  exit  lights 
and  all  lights  in  lobbies,  stairways,  corridors,  and  other  portions  of 
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the  theater  to  which  the  public  have  access  which  are  kept  normally 
lighted  during  the  performance.  Where  source  of  supply  is  an 
isolated  plant  within  the  same  building,  an  auxiliary  service  of  at 
least  sufficient  capacity  to  supply  all  emergency  lights  must  be  in- 
stalled from  some  outside  source,  or  a  suitable  storage  battery  within 
the  premises  may  be  considered  the  equivalent  of  such  service. 

The  principal  hazards  in  a  theater  result  from  the  stage  equip- 
ment since  it  is  there  rather  than  in  the  auditorium  that  large  cur- 
rents are  used;  many  conductors  are  required,  and  all  sorts  of  special 
devices  are  employed  often  in  close  proximity  to  combustible  material 
such  as  scenery.  Furthermore,  the  constant  changes,  additions  and 
special  requirements  for  different  productions  result  in  subjecting 
the  electric  equipment  to  exceptionally  hard  wear  and  tear  on  theater 
stages  so  that  proper  upkeep  can  be  secured  only  by  the  use  of  the 
most  approved  materials  and  methods  and  constant  re-inspections. 
All  permanent  electric  work  on  the  stage  si<le  of  the  proscenium 
arch  must  be  in  conduit  or  armored  cable  except  in  border  tights 
.and  on  the  stage  switchboards. 

Al!  of  the  stage  circuits,  footlights,  borders,  arc  lamps,  and 
usually  all  house  lighting  are  controlled  from  a  switchboard  located 
on  the  stage  at  one  side  of  the  proscenium  arch.  This  results  in  a 
very  large  number  of  cables  and  wires  being  concentrated  at  this 
board  and  calls  for  very  careful  planning  if  anything  like  safe  and 
orderly  arrangement  is  to  be  secured.  The  space  available  is  often 
small  and  circuits  are,  therefore,  liable  to  be  unduly  crowded  and 
confused.  The  design  of  a  large  stage  switchboard  calls  for  no  little 
engineering  skill,  which  is  too  often  noticeable  chiefly  from  its  entire 
absence  especially  in  older  houses.  The  space  back  of  the  board 
should  be  of  ample  size,  readily  accessible  but  entirely  enclosed  by 
absolutely  fireproof  walls  and  doors  and  preferably  directly  ven- 
tilated to  the  outside  by  a  special  brick  chimney  or  large  flue.  All 
orcuits  should  be  controlled  by  substantial  knife  switches  and  fused 
by  standard  enclosed  cut-outs  in  accessible  places  where  their  opera- 
tion will  not  in  any  way  be  liable  to  set  fire  to  the  wire  insulations. 
It  is  verj'  desirable  that  all  wires  on  the  back  of  the  board  be  covered 
with  asbestos  jackets  and  be  well  spacf<I. 

Dimmers.  The  dimmers  or  special  rheostats  for  gradually 
reducing  the  intensity  of  incandescent  lamps  either  in  the  auditorium 
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or  on  tlie  stage  constitute  often  a  very  large  installation  of  heat- 
developing  apparatus  which  should  be  carefully  located  on  iron 
brackets  or  on  open  galleries  absolutely  separated  from  any  possible 
contact  with  burnable  stufl'.    Fig.  127  shows  a  bank  of  dimmers. 

Footlights  and  Borders.  Among  the  more  important  fixed- 
appliances  are  the  footlights,  border  and  strip  lights,  and  the  stage- 
floor  pockets.  The  footlights  should  be  installed  either  in  conduit  or 
on  spe<ial  steel  boxes  which  entirely  enclose  the  lamp  receptacles. 
Border  lights  must  be  substantially  made  of  hea\-y  sheet  metal  (at 
least  Xo.  20  metal  gauge)  and  must  be  wired  with  slow-burning  wire 
because  they  necessarily  get  ^■ery  hot  from  the  lamps  they  contain. 


hand,  do  not  {jet  so  hot  and  their  location 
II  nioistiirc  during  the  cleaning  or  washing  of 
The\-  sliouid,  therefore,  be  wired  with  rub- 


Foot  I  igl  its,  OIL  thv  ot 
makes  them  susccptili 
the  floor  of  the  stagi 
ber-covered  win-. 

Bonier  lights  must  be  raised  and  lowered  and,  therefore,  current 
must  be  carried  to  them  liy  means  of  cables  composc«I  of  stranded 
rubber-covered  wires.  Such  cables  sliouUl  lie  in  rigid  conduit  to  the 
point  where  the  cable  leaves  for  the  liorder  and  at  this  point  a  suit- 
able junction  box  should  be  provided.  TJie  method  of  bringing  the 
cable  from  this  box  and  also  of  leading  it  into  the  border  structure 
should  receive  siK'cial  attention  to  prevent  undue  strain  being  brought 
to  bear  upon  it  at  these  connections.     The  cable  should  be  of  the 
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special  type  designed  for  this  service.    Figs.  128  and  129  show  sec- 
tions of  footlights  and  borders  ready  for  installation  on  a  stage. 


Stage  Pockets.    Stage  pockets  (see  Fig.  130}  are  iron  boxes, 
having  trap  doors  flush  with  the  stage  floor  and  containing  receptacles 


for  special  plugs  and  cables  by  means  of  wliich  arc  lamps,  flon<l  lamps, 
and  other  temporar\  and  portable  d(\iccs  nnj-  be  connected.  The 
(ir^uits  should  have  a  capacity  of 
'  at  Ictst  ij  amjK'res  for  arc  lamps 
or  ]">  amperes  for  incandescent 
!  imp's  w  ire<l  to  the  full  capacity 
and  controlled  from  the  stage 
boinl  rhey  should  contain  no 
fu-its  ind  should  he  so  constructed 
that  accumulations  of  dust  or  nili- 
hish  in  them  cannot  interfere  with 
Fig  130    Staeo  Poctet  their  safc  use  or  be  liable  to  cause 
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a  fire  from  any  arc  resulting  from  withdrawing  the  plug. 
pockets  may  be  for  one  or  several  plugs. 


These 


Portable  equipments  for  u 
to  special  devices  of  all  sorts — ar 


I  theater  stages  include,  in  addition 
lamps,  bunch  lamps,  strip  lights, 
pin  plug  connectors,  and  portable 
plugging  boxes.  Fig.  131  shows  a 
poor  form  of  stage  arc  lamp  of 
the  type  supposed  to  have  caused 
the  Iroquois  theater  fire  in  Chi- 
while  Fig,  132  shows  a 


modern  a]>priiv(Ml  form.  These  should  be  of  approved  pattern, 
made  (if  (loii-coitibustiblc  materiitls  only  and  fitted  with  standard 
stage  cable  tlic  s|Mi-ifications  for  which  arc  as  follows:  To  consist 
of  not  more  than  tlircc  fle.\ihl(;  copper  conductors  each  of  capacity 
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not  exceeding  No.  4  B.  &  S.  gauge,  built  up  of  wires  not  smaller 
than  No.  26  B.  &  S.  gauge;  each  conductor  to  be  covered  with  a 
cotton  wind  and  with  rubber  insulation  of  thickness  equivalent  to 
standard  rubber-covered  wire  and  a  saturated  braid;  the  conductors 
to  be  twisted  together  with  a  filler  (jute  or  a  similar  material)  to 
make  the  cable  round  and  to  act  as  a  cushion;  the  whole  to  be 
covered  with  two  weatherproof  braids.  Such  a  cable  will  withstand 
considerable  hard  usage  and  has  sufficient  mechanical  strength  to 
endure  the  severe  conditions  of  this  service. 

Special  Lighting  Circuits  and  Stage  Effects.  The  proper 
installation  of  all  of  the  stage  devices  just  mentioned  is, such  an 
important  feature  of  the  safety  of  the  theater  that  special  rules  are 
establbhed  for  portable  conductors,  for  lights  on  scenery,  for  fes- 
toons, and  for  the  many  special  effects,  such  as  lightning,  etc. 

Requirements  for  Stage  Auditoriums.  The  special  requirements 
for  the  lighting  of  stage  auditoriums  are  as  follows:  All  wiring  must 
be  in  either  conduit,  metal  moldings,  or  armored  cable;  all  fuses 
must  be  in  enclosed  cabinets;  exit  lights  must  not  have  more  than 
one  set  of  fuses  between  them  and  the  main  service  fuses,  and 
together  with  all  hall  and  corridor  lights,  must  be  supplied  inde- 
pendently of  the  stage  lighting  and  be  controlled  only  from  the  lobby 
or  front  of  the  house.  All  of  these  requirements  are  made  to  insure 
adequate  lighting  for  the  audience  in  case  of  a  fire,  to  render  the 
exit  and  corridor  lights  independent  of  any  accident  to  circuits  re- 
sulting from  a  stage  fire,  and  to  insure  a  certain  amount  of  illumi- 
nation at  all  times  in  order  to  permit  firemen  to  work  to  advantage 
in  case  of  a  fire  in  the  auditorium  or  corridors  leading  thereto. 

MOVING  PICTURE  THEATERS  AND  MACHINES 

Interior  Equipment.  The  very  large  number  of  moving-picture 
theaters  which  have  come  into  use  in  the  past  few  years  has  intro- 
duced a  special  hazard  of  considerable  extent  and  a  large  number  of 
disastrous  fires  in  such  installations  have  been  recorded.  See  Fig. 
133.  These  theaters  ha\e  often  l>een  established  in  rooms  originally 
intended  for  stores  and  their  equipment  has  been  of  the  poorest 
character.  This  condition  is  now  somewhat  improved  as  the  danger 
has  become  more  generally  recognized  and  has  been  made  the  sub- 
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ject  of  special  legislation  both  by  insurance  interests  and  by  municipal 
and  town  ordinances. 

Causes  of  Danger.     The  lighting  of  such  theaters  comes  under 
the  ordinary  rules  for  electrical  work  but  the  peculiar  danger  lies 


in  the  lis.-  of  ih,.  i, 
flanmiiihlc  "Jihii:;" 


ojcclioii  matliinc^  witli  the  highly  in- 
ich  the  i>ic'tiirc:>  uvv  jiriiitcd.    These  films 
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are  of  cellulose  coated  with  a  chemical  which  burns  with  great 
intensity  and  rapidity  and  with  an  almost  explosive  force.  A  burn- 
ing film  cannot  be  extinguished  easily  and  evolves  an  enormous 
amount  of  heat  and  a  dense  and  suffocating  smoke.  In  displaying 
the  moving  pictures  the  film  {usually  500  to  1,500  feet  in  length)  is 
caused  to  pass  rapidly  in  front  of  a  special  arc  lamp  taking  from  25 
to  50  amperes  at  110  volts,  the  light  and  also  the  heat  of  the  arc  being 
concentrated  on  a  small  area  of  the  film  about  as  large  as  a  postage 
stamp  by  means  of  lenses  set  in  the  head  of  the  machine.  While 
the  machine  is  in  normal  operation,  the  ribbon  of  film  is  moved  .so 
rapidly  that  no  portion  of  it  has  time  to  become  heated.  If,  however, 
for  any  cause,  the  advance  of  the  film  is  checked  so  that  a  portion  of 
it  remains  for  even  a  few  seconds  exposed  to  the  concentrated  heat 
of  the  arc,  it  is  at  once  ignited  and  the  flame  spreads  to  the  adjacent 
parts  of  the  film  and  the  whole  reel  is  liable  to  burn  up  with  a  very 
intense  fire  which  may  endanger  the  life  of  the  operator  and  create 
a  serious  fire  hazard  to  the  building.  The  film  may  also  be  ignited 
by  coming  into  contact  with  the  hot  lamp  housing  or  with  the  resist- 
ance box  which  it  is  usually  necessary  to  use  in  the  arc  lamp  circuit 
to  regulate  the  current. 

The  arc  tamp  and  rheostats  should  be  constructed  similarly  to 
arc  lamps  and  rheostats  used  on  theater  stages.  Tight  metal  boxes 
made  without  solder  must  be  used  both  to  hold  the  reel  from  which 
the  film  is  unwound  in  onler  to  expose  to  view,  and  also  to  receive 
the  film  after  it  has  passed  through  the  machine  head,  and  the  open- 
ings in  these  boxes  must  be  as  small  as  possible,  being  regulated  by 
rollers  between  which  the  film  may  pass  or  by  shutters  which  can 
be  instantly  closed.  The  handle  or  crank  used  in  operating  the 
machine  must  be  secured  to  the  spindle  or  shaft,  so  that  there  will  be 
no  liability  of, its  coming  off  and  allowing  the  film  to  stop  in  front' 
of  the  lamp.  A  shutter  must  he  arranged  in  front  of  the  condenser, 
so  as  to  be  readily  closed.  Kxtra  films  must  be  kept  in  a  tight 
metal  box.  Machine  may  l>c  driven  by  hand  or  by  motor,  but  in 
the  latter  case  the  machine  must  be  expressly  designed  and  approved 
for  such  oiK-ration  and  must  be  in  charge  of  a  skilled  operator.  Spe- 
cial permi.wion  to  use  nii  it or-d  riven  machines  is  also  required. 
Hand-driven  machines  must  not  be  converted  into  motor-driven 
machines  by  the  addition  of  an  ordinary  motor  since  some  special 
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and  additional  protective  features  are  required  in  motor-driven 
machines,  chiefly  because  with  them  the  operator  is  able  to  run  the 
machine  with  less  constant  attention.  It  Is  very  essential  that  the 
film  and  the  entire  equipment  receive  the  constant  attention  of  the 
operator.  The  picture  machine  must  be  placed  in  an  enclosure  or 
house  made  of  suitable  fireproof  material,  thoroughly  ventilated, 
and  large  enough  for  the  operator  to  walk  freely  around  the  machine. 
All  openings  into  this  booth  must  be  arranged  so  as  to  be  entirely 
closed  by  doors  or  shutters  constructed  of  the  same  or  equally  good 
fire-resIstlng  material  as  the  booth  itself.  Doors  or  covers  must  be 
held  normally  closed  by  spring  hinges  or  equivalent  devices. 

The  construction,  location,  and  wiring  of  this  booth  are  the 
chief  considerations  In  the  cfiulpnieiit  of  a  moving-picture  theater 
and  no  pains  should  be  spared  to  obtain  the  highest  possible  degree 
of  security  In  its  construction,  equipment,  and  maintenance. 

CAR  WIRING 

The  electric  wiring  of  cars  requires  some  special  rules  which 
make  certain  exceptions  to  the  general  rules  on  the  one  hand  and 
which  make  some  special  extra  requirements  on  the  other  hand. 
These  special  rules  have  to  do  chiefly  with  the  protection  of  car 
bodies  and  woodwork  over  all  the  electrical  apparatus  such  as  motors, 
resistances,  contactors,  and  the  like,  and  o\-er  such  of  the  conductors 
as  are  not  run  hi  conduit.  Other  somewhat  special  requirements 
appl>-  to  wires,  cables,  and  methods  of  making  joints  and  connections 
in  them,  to  the  location  and  t\-]}e  of  fuses  and  circuit  breakers  to  be 
used,  to  s])eclal  forms  of  conduit  and  wood  molding,  and  to  details 
of  the  lighting,  heating,  and  air-pump  circuits.  Ver\'  carefully  detailed 
requirements  ha^■e  been  worked  out  for  the  main  motor  circuits 
and  for  the  dc\IceH  used  In  connection  with  them.  As  all  of  these 
requirements  are  of  ji  ^■ery  special  character,  the  underwTiters'  rules 
in  this  connection  should  he  studied  in  detail  by  those  directly 
Interested  In  car  wiring. 

Car  houses  or  barns  present  s(jrnc  ha/,artls  which  can  be  reduced 
by  tlie  obser\ancc  of  a  IV-w  s|X'(ial  rules  which  are  determined  chiefly 
by  the  fact  that  the  railway  clri'ult  is  normally  grounded  and  thus 
requires  somewhat  different  treatment  from  the  ordinary  under- 
ground light  or  power  circuits. 
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LIQHTINQ  AND  POWER  FROM  RAILWAY  WIRES 

It  should  be  especially  noted  that  under  no  circumstances  is  it 
proper  to  take  lighting  or  power  circuits  from  trolley  or  third-rail 
railway  circuits  with  a  ground  return.  This,  of  course,  does  not  and 
cannot  apply  to  the  electric  railway  cars,  car  houses,  power,  passenger 
and  freight  houses  connected  with  the  operation  of  electric  railways 
in  which  the  use  of  such  circuits  is  obviously  necessary  and  which 
can  be  specially  guarded  and  supervised.  For  all  other  factories  or 
buildings  of  all  sorts,  power  from  grounded  railway  circuits  is  for- 
bidden because  of  the  danger  of  introducing  into  a  building  a  circuit 
which  has  so  much  capacity  back  of  it  and  which  is  thoroughly  con- 
nected with  the  earth  on  one  side.  The  inevitable  fluctuation  in 
voltage  would  also  frequently  require  overfusing  of  the  lighting 
drcuits  to  prevent  blowing  fuses  under  normal  conditions, 

tllOH-  AND  EXTRA  HmH-POTENTIAL  SYSTEMS 

Classification.  Under  low,  constant-potential  systems  are  in- 
eluded  all  such  as  have  voltages  not  o\er  550  volts  but  it  should 
be  noted  that  this  distinction  is  an  arbitrary'  one  adopted  for  the 
classification  of  the  rules  on  electrical  work  in  relation  to  the  fire 
hazard  and  is  not  made  in  just  this  way  in  classifying  power-trans- 
mission lines  and  commercial  sj'stems  from  other  viewpoints.  In 
the  underwriters'  rules  any  circuit  attached  to  any  machine,  or 
combination  of  machines,  which  develops  a  difference  of  potential, 
between  any  two  wires,  of  over  550  volts  and  less  than  3,500  volts, 
shall  be  considered  as  a  high-potential  circuit  and  as  coming  under 
that  class,  unless  an  approved  transforming  device  is  used,  which 
cuts  the  difference  of  potential  down  to  550  volts  or  less.  Similarly 
if  the  difference  of  potential  between  any  two  wires  is  over  3,500 
volts  the  circuit  is  classed  as  an  extra  high-potential  circuit  unless 
an  approved  transforming  device  is  used.  This  means  that  whore 
the  power  is  brought  to  a  transformer  on  primary  lines  of  not  over 
3,500  volts  and  the  secondary  lines  arc  not  o\-cr  550  volts,  the  sec- 
ondary system  of  light  or  power  is  considered  a  low-potential  system, 
but  if  the  primary  wires  of  550  to  .'i,500  volts  arc  din>ct  to  the  power- 
consuming  devices,  as  motors,  without  the  outside  transformer, 
the  system  is  considered  a  high-potential  system.  If  the  primary 
lines  are  over  3,500  volts,  the  secondary  lines  beyond  the  transformers 
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are  classed  as  high-potential  and  where  no  transformer  b  employed 
the  circuit  is  extra  high-potential. 

High-  and  extra  high-potential  systems  are,  of  course,  usually 
alternating-current  circuits  since  only  alternating  current  is  ordi- 
narily used  for  o\-er  600  volts.  There  are,  however,  a  number  of 
railway  installations  in  the  United  States  operating  at  1,200  volts 
direct  current  and  this  tj^pc  of  power  distribution  is  becoming  some- 
what common.  A  1,200-voIt  circuit  is,  of  course,  classed  as  high- 
potential.  I'se  is  made  of  high-potential  circuits  for  both  light  and 
power  purposes  and  its  ad\'antages  o^■er  low  \'oltages  lie  in  the  smaller 
sized  copiwr  that  can  be  used  to  transmit  a  given  amount  of  powCT 
over  a  certain  distance  with  a  specified  percentage  of  loss  due  to  the 
line  wires. 

Requirements  for  Safety.  For  lighting,  2,200-  to  2,500-volt 
circuits  arc  u.sed  to  transmit  the  power  from  the  generating  station 
to  standard  transformers  at  or  near  buildings  where  the  light  is  used 
aiul  these  transformers  step  down  the  voltage  either  to  110  or  220 
volts  or  to  a  three-wire  110-  to  220-volt  s\'stem  on  the  secondary 
side  for  the  lamps,  A  very  few  cities  and  towns  employ  a  220-  to 
440-\olt  thrct;-\vin^ secoiulary  nystem  but  this  is  not  usual  or  de- 
sirable in  general,  as  most  fittings,  fuses,  etc.,  are  designed  for  not 
over  250  voH.'^. 

Motors  designed  for  alternating  current  may,  of  course,  be 
ojx'ratcd  on  these  secondaries  and  such  secondary  circuits  whether 
for  light  or  power  are  simply  low-itotcntial  circuits  provided  the 
higher  voltage  lines  end  at  traiisfor'ners  suitably  installed  outside 
the  buildings  or  jis  near  as  jvissihle  to  tlie  point  where  the  primary 
win's  enter  tlii'  buildings.  TIh'  outside  location  is  much  to  be  pre- 
ferred. 

When  circuits  liaviii;;  lii;;Ii-|Kit('iitial  transformers  are  located 
inside  of  buildings  lliey  slmuld  lie  ]>laced  in  an  enclosure  made  of 
fire-resist iiig  niatf-rial  such  as  lirii-k,  tile,  or  concrete.  The  enclosure 
should  be  u.^^eii  for  nothing  hut  the  traiisfornifTs  and  should  be  kept 
locked.  Kifr.  ]'-'A  shows  such  an  enclosure  or  vault  for  transformers. 
It  is  a  goinl  plan  to  arraiifrc  the  transformer  room  or  enclosure  so  that 
it  can  be  entered  only  from  out<loors,  since  then,  even  if  the  door 
shonld  hap]M'n  to  be  o|M-n  at  the  time  of  a  fire  in  this  room,  it  is 
l)robabli;  that  no  especial  harm  would  be  done.    Moreover,  the  fire 
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could  doubtless  be  better  handled  from  the  outside.  The  trans- 
formers must  be  thoroughly  insulated  from  the  ground,  or  per- 
manently and  effectually  grounded,  and  the  enclosure  in  which  they 
are  placed  must  be  practically  air-tight,  except  that  it  must  be 


thoroughly  ventilated  to  the  outdtior  air,  if  ]>ii>,sil>U'  through  a  chim- 
ney or  flue.  There  should  be  at  least  six  inches  of  air  space  on  all 
sides  of  the  transformer.  This  rule  will  permit  of  either  the  insulating 
or  grounding  of  transformer  cases  as  seems  most  ad\'isahle  luider  the 
conditions,  but  will  require  that  with  either  arrangement  the  work 
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be  well  done,  and  that  unless  po<«l  insulation  be  provided  the  cases 
be  definitely  grounded.  The  object  of  an  air-tight  enclosure  is  to 
prevent  smoke  from  escaping  or  fire  from  spreading,  in  case  the 
transformer  coils  should  become  o\erheated  from  an  overload  or 
should  be  ignited  by  a  break-down  in  the  insulation  between  the 
primary  and  secondary  coils.  This  is  especially  important  with  oil- 
cooled  transformers  in  which  the  danger  from  an  oil-fire  is  added  to 
the  usual  electrical  hazar<ls  involved. 

Wherever  high-potential  circuits  are  brought  into  a  building 
only  rubber-covered  wire  should  be  used  and  special  care  should  be 
taken  with  the  wire  supports  to  protect  the  wires  from  mechanical 
injury  since  a  failure  resulting  in  an  arc  is  very  dangerous  at  this 
high  voltage.  Substantial  boxing  about  wires  on  side  walls  and 
running  boards  where  circuits  cross  floor  timbers  are  verj-  necessary, 
as,  in  fact,  are  all  the  precautions  and  rules  for  good  wiring  and  good 
workmanship  throughout.  A  very  large  number  of  motors  are  now 
used  taking  2,200  to  2,500  volts  at  the  motor  terminals.  Such  power 
installations  can  be  made  reasonably  safe  by  careful  planning  of  the 
circuits  and  by  excellence  of  installation  and  upkeep  of  all  wiring 
and  connected  apparatus.  No  multiple-series  or  series-multiple 
Hystem  of  lighting  is  allowed  on  high  ])otential  circuits. 

Extra  high-potential  circuits  are  not  allowed  either  in  or  over 
buildings  except  power  stations  and  substations.  ^Miere  extra 
high-potential  primar\-  circuits  (over  3,;J00  volts)  supply  transformers 
the  secondary  wiring  must  be  installed  as  high-potential  circuits 
(550  to  3,500  volts)  unless  the  primaries  are  installed  in  complete 
compliance  with  the  rules  go\'erning  outside  work  on  constant- 
potential  pole  lines  over  5,000  volts  or  arc  wholly  underground 
within  city,  town,  and  village  limits. 

In  concluding  the  consideration  of  these  higher  \'oltage  cir- 
cuits, it  is  proper  to  refer  again  to  the  fact  that  the  higher  the  volt- 
age employed  the  greater  the  need  of  care  in  installation,  upkeep,  and 
operation  since  the  results  of  accidental  arcs  are  more  serious. 

SIQNALINa  SVSTKMS 
Wiring  Requirements.     The  wiring  and  other  devices  in  the 
great  variety  of  signal  systems  now  cmj>loycd  in  buildings,  present 
as  a  general  rule  no  hazard  except  their  liability  to  become  crossed 
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either  outside  or  inside  buildings  with  electric  light,  heat,  or  power 
circuits.  Such  signal  systems  include  telephone,  telegraph,  district 
messenger  and  call  bell,  fire  and  burglar  alarm,  and  all  similar  ap- 
pliances and  circuits.  It  is  seldom  that  the  wires  of  any  of  these 
systems  are  installed  in  buildings  with  the  same  care  as  are  those 
for  lighting  or  power,  and  the  insulations  employed  on  signal  wires 
are  very  generally  far  inferior  to  those  specified  for  light  and  power 
circuits.  Furthermore,  since  signal  systems  are  usually  operated 
from  either  primary  or  secondary  (storage)  batteries  of  low  voltage 
and  limited  current  capacity,  they  may  be  and  commonly  are  in- 
stalled with  httle  attention  to  separation  of  the  wires,  either  from 
each  other,  or  from  the  surfaces,  walls,  and  floors  to  which  they  are 
attached.  It  follows,  therefore,  that  all  care  should  be  taken  to 
prevent  light  and  power  wires  carrying  currents  of  large  capacity  and 
relatively  high  voltages  from  coming  in  contact  with  signal  wires 
since  in  such  event  dangerous  fires  might  very  readily  be  caused. 
The  same  advantages  in  having  wires  underground  instead  of  being 
placed  on  poles  apply  to  signal  as  well  as  to  light  and  power  circuits, 
but  the  two  classes  should  never  occupy  the  same  underground 
duct,  manhole,  or  handhole  even  when  cables  are  used,  since  in  the 
mechanical  work  or  repairs  on  the  lines  an  injury  resulting  in  a  cross 
between  the  systems  might  cause  a  dangerous  current  from  the 
higher  voltage  lines,  to  outer  buildings,  over  the  weakly  insulated 
and  poorly  protected  signal  wires.  The  liability  of  accidental  cross- 
ing of  overhead  signaling  circuits  with  electric  light  and  power  cir- 
cuits may  be  guarded  against  to  a  considerable  extent  by  endeavor- 
ing to  keep  the  two  classes  of  circuits  on  different  sides  of  the  same 
street.  The  Code  prescribes  that  signal  wires  on  pole  lines  also 
.  carrying  electric  light  or  power  wires  shall  generally  be  placed  on 
the  lower  cross-arms.  This  arrangement  is  not,  however,  favored 
by  many  engineers  or  by  all  municipal  authorities,  who  prefer  that 
signal  wires  be  put  on  the  top  arms  or  on  extensions  above  the 
tops  of  the  poles.  The  arguments  in  favor  of  putting  the  signal 
wires  lowest  on  the  poles  are  that  they  are  by  many  judged  to  be 
more  liable  to  break  and  fall,  especially  when  loaded  with  sleet, 
because  of  their  lesser  size  and  strength ;  also  in  case  of  city  fire  alarm 
circuits  which  are,  of  course,  very  important,  the  lower  position 
enables  linemen  making  repairs  to  get  at  the  fire-alarm  wires  without 
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passing  up  through  the  light  and  power  wires  which  may  be  charged 
with  dangerous  voltages. 

The  arguments  in  favor  of  putting  signal  wires  at  the  top  are — 
they  are  small  and,  therefore,  collect  less  ice  or  sleet  and  so  are  less 
liable  to  break;  the  light  and  power  wires  are  often  better  insulated 
and  a  signal  wire  breaking  is  less  liable  to  make  a  real  live  contact 
with  them;  the  fall  of  a  heavy  power  cable  may  wreck  all  of  the 
signal  wires  if  the  latter  are  below;  in  the  case  of  city  fire-alarm 
circuits  the  upper  location  removes  them  from  misuse  and  injury 
when  wiremen  are  working  on  the  other  lines.  However,  it  may  be 
said  that  there  is  no  general  agreement  eitlier  in  theory  or  practice 
on  this  subject. 

Single  wires  of  signal  circuits  on  the  outside  of  buildings  should 
have  rubber  insulation  and  where  attached  to  frame  buildings  should 
be  secured  to  glass  or  porcelain  insulators  or  knobs.  Only  copper 
wire  should  be  used  for  the  span  from  the  last  pole  to  the  build- 
ing and  the  wires  should  pass  through  outside  walls  through  in- 
sulating bushings  and  ha\c  drip  loops  the  same  as  electric  light 
wires.  Inside  of  buildings  neat  arrangement  and  secure  fastening 
of  all  wires  is  essential  tn  keep  tiiem  properly  placed  and  no  signal 
wire  should  come  nearer  than  three  inches  to  any  light  or  power  wire, 
unless  separated  therefrom  by  some  continuous  and  firmly  fixed 
non-conductor  creating  a  perrnanent  separation,  this  non-conductor 
to  lie  in  addition  to  the  regular  insulation  on  the  wire  as  the  wires 
would  ordinarily  Ix-  insulated,  lint  the  kind  of  insulation  is  not 
specified,  as  the  protector  described  below  is  relied  upon  to  stop  all 
dangerous  currents.  Porcelain  tuliing,  !i]>proved  flexible  tubing,  or 
rigid  conduit  may  be  used  for  encasing  wires  where  required  as  above. 
\Vires  where  bunelied  together  in  a  \-ertieai  run  within  any  building 
should  have  a  fire-resisting  covering  sufficient  to  prevent  them  from 
carrying  fire  from  floor  lo  Hoor  miles.';  they  are  run  either  in  non- 
Combu,stib[c  tolling  or  in  a  fire]m)of  shaft,  which  .shaft  should  be 
pHH-idiLfl  with  fire  stojis  at  each  floor. 

Signaling  wire.^  and  electric  light  or  power  wires  may  be  run  in 
the  same  shaft,  jmivided  that  one  (if  these  classes  of  wires  is  run  in 
non-combustible  tubing,  otlierwise  the  two  classes  of  wires  should  be 
separated  from  each  other  hy  at  least  two  inches.  In  no  case  should 
signaling  wires  be  run  in  the  same  tube  with  light  or  power  wires. 
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Protecting  Devices.  In  signal  installations  where  the  current- 
carryii^  parts  of  the  apparatus  installed  are  capable  of  carrying 
indefinitely  without  overheating  8  current  of  ten  amperes  (as  in 
some  telegraph  or  special  systems)  the  inside  wires  should  be  of 
copper  at  least  as  large  as  No.  IG  B.  &  S.  gauge  and  must  have  the 
same  insulation  and  be  supported  the  same  as  electric  light  or  power 
wires  for  600  volts.  At  the  entrance  to  the  building  each  wire  should 
be  protected  by  a  10-ampere  000-volt  fuse.  Such  signal  circuits  as 
the  above  are  much  less  common  than  those  not  suited  for  a  10- 
ampere  current.  Telephone,  district  messenger,  private  watchmen's 
time  recorders,  burglar  alarms,  and  fire-alarm  circuits,  are  never 
capable  of  carrying  10  amperes  continuously  and  for  these  a  special 
"protector"  is  required  located  as  close  as  possible  to  the  entrance  of 
the  building.  The  purpose  of  this  protector  is  to  prevent  any  foreign 
current  or  any  lightning  discharge  from  entering  the  building  over 


-(z>^       ■    G \ ^§-0- 


-^^Q □ — =^ 


the  signal  wires.  For  telegraph  circuits  this  protector  takes  the  form 
of  a  2,000-volt  fuse  in  each  wire.  The  commoner  "protector"  such 
as  is  used  on  telephone  lines  should  have  the  following  parts  mounted 
on  a  porcelain  or  slate  base  on  which  all  parts  are  well  insulated:  a 
lightning  arrester  which  will  operate  at  500  volts  or  more  from  a 
ground  wire  not  less  than  Xo.  18  B.  &  S.  gauge;  a  fuse  in  each  side  of 
the  circuit  which  will  blow  with  small  currents  (J  to  8  amperes)  and 
will  operate  well  on  the  voltages  likely  to  reach  the  protector  in  ease 
of  accident.  Where  very  sensitive  instruments  arc  in  the  circuit, 
such  as  contain  magnet  windings  which  are  easily  overheated,  there 
must  be  a  keat  coil  on  each  side  of  the  line.  The  heat  e«»il  is  designed 
to  warm  up  and  melt  out  with  a  current  large  enough  to  endanger 
the  instruments  if  continued  for  a  long  time,  but  so  small  that  it 
would  not  blow  the  fuses  ordinarily  found  necessary'  for  such  instru- 
ments.   The  smaller  currents  are  often  called  uneak  currents.     Ou 
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those  telephone  circuits  which  are  supplied  with  current  entirely 
from  the  central  teleplione  headquarters  sneak  or  heat  coils  are  not 


necessary.  The  fuses  must  lie  so  placeii  as  to  protect  the  arrester 
and  heat  coils,  and  the  protector  terminals  must  be  plainly  marked 
line,  instrument,  or  ground. 

The  relative  arrangement  of  parts  is  shown  in  diagram  in  Fig. 
135  and  a  common  form  of  protector  in  I'ig.  130. 

TESTING 

\Vhere  possible,  two  tests  of  the  electric  wiring  equipment  should 
be  made,  one  after  the  wiring  itself  is  entirely  completed,  and  switches, 
cut-out  panels,  etc.,  are  connected;  and  another  one  after  the 
fixtures  have  all  been  installed.  The  reason  for  this  is  that  if  a  ground 
or  short-circuit  is  discovered  before  the  fixtures  are  installed,  it  is 
more  easily  remedied;  and  also,  because  there  is  no  division  of 
the  responsibility,  as  there  might  l>e  if  the  first  test  were  made  only 
after  the  fixtures  were  installed.  If  the  test  shows  no  grounds  or 
short-circuits  licforc  the  fixtures  are  installed,  and  one  does  develop 
after  they  are  installed,  the  trouble,  of  course,  is  that  the  short-drcuit 
or  ground  is  one  or  more  of  the  fixtures.  As  a  matter  of  fact,  it  is  a 
wise  plan  alwaj's  to  make  a  sejtarate  test  of  each  fixture  after  it  b 
delivered  at  the  building  and  before  it  is  installed. 

While  a  magneto  is  largelv'  used  for  the  purpose  of  testing,  it  13 
at  best  a  crude  and  imreliable  methiMl.  In  the  first  place,  it  does 
not  give  an  indication,  even  approxiniatelj',  of  the  total  insulation 
resistance,  but  merely  indicates  whether  or  not  there  is  a  ground  or 
short-circuit.     In  some  instances,  moreover,   a   magneto  test   has 
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led  to  serious  errors,  for  reasons  that  will  be  explained.  If,  as  is 
nearly  always  the  case,  the  magneto  is  an  alternating-current  instru- 
ment, it  may  sometimes  happen — particularly  in  long  cables,  and 
especially  where  there  is  a  lead  sheathing  on  the  cable — that  the 
magneto  will  ring,  indicating  to  the  uninitiated  that  there  is  a  ground 
or  short-circuit  on  the  cable.  This  may  be,  and  usually  is,  far  from 
being  the  case;  and  the  cause  of  the  ringing  of  the  magneto  is  not  a 
ground  or  short-circuit,  but  b  due  to  the  capacity  of  the  cable,  which 
acts  as  a  condenser  under  certain  conditions,  since  the  magneto  pro- 
ducing an  alternating  current  repeatedly  charges  and  discharges  the 
cable  in  opposite  directions,  this  changing  of  the  current  causing  the 
magneto  to  ring.  Of  course,  this  defect  in  a  magneto  could  be 
remedied  by  using  a  commutator  and  changing  it  to  a  direct-current 
machine;  but  as  the  method  is  faulty  in  itself,  it  is  hardly  worth  while 
to  do  this. 

A  portable  galvanometer  with  a  resistance  box  and  Wheatstone 
bridge,  is  sometimes  employed;  but  this  method  is  objectionable 
because  it  requires  a  special  instrument  which  cannot  be  used  for 
many  other  purposes.  Furthermore,  it  requires  more  skill  and  time 
to  use  than  the  mUmeter  method,  which  will  now  be  described. 

Voltmeter  Method.  The  advantage  of  the  voltmeter  method 
is  that  it  requires  merely  a  direct-current  voltmeter,  which  can  be 
used  for  many  other  purposes,  and  which  all  engineers  or  contractors 
should  possess,  together  with  a  box  of  cells  having  a  potential  of 
preferably  over  30  volts.  The  voltmeter  should  have  a  scale  of  not 
over  150  volts,  for  the  reason  that  if  the  scale  on  which  the  battery 
is  used  covers  too  wide  a  range  (say  1,000  volts)  the  readings  might 
be  so  small  as  to  make  the  test  inaccurate.  A  good  arrangement  would 
be  to  have  a  voltmeter  having  two  scales — say,  one  of  60  and  one  of 
600 — which  would  make  the  voltmeter  available  for  all  practical 
potentials  that  are  likely  to  be  used  inside  of  a  building.  If  desired, 
a  voltmeter  could  be  obtained  with  three  connections  having  three 
scales,  the  lowest  scale  of  which  would  be  used  for  testing  insulation 
resistances. 

Before  starting  a  test,  all  of  the  fuses  should  be  inserted  and 
switches  turned  on,  so  that  the  complete  test  of  the  entire  installation 
can  be  made.  When  this  has  been  done,  the  voltmeter  and  battery 
should  be  connected,  so  as  to  obtain  on  the  lowest  scale  of  the  volt- 
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connection  is  shown  in 


meter  the  electromotive  force  of  the  entire  group  of  cells.     This 


Immediately  after  this  has  been 
done,  the  insulation  resistance 
to  be  tested  is  placed  in  cir- 
cuit, whether  the  insulation  to 
be  tested  is  a  switchboard,  slate 
panel-board,  or  the  entire  wiring 
installation;  and  the  connections 
are  made  as  shown  in  Fig.  138. 
A  reading  is  again  taken  of  the 
voltmeter  and  the  leakage  is 
thus  obtained,  as  it  is  in  pro- 
portion   to    the    difference    be- 


rid.  137. 


tween  the  first  and  second  voltmeter  readings.  The  explanation 
given  below  will  show  how  this  resistance  may  be  calculated.  It  is 
evident  that  the  resistance  in  the  first  case  was  merely  the  resistance 
of  the  voltmeter  and  the  internal  resistance  of  the  battery.  As  a 
rule,  the  internal  resistance  of  the  batterj'  is  so  small  in  comparison 
with  the  resistance  of  the  voltmeter  and  the  external  resistance,  that 
it  may  be  entirely  neglected,  and  this  will  be  done  in  the  following 
calculation.  In  the  second  case,  however,  the  total  resistance  in  cir- 
cuit is  the  resistance  of  the  voltmeter  and  the  battery,  p/iw  the 
entire  insulation  resistance  on  all  the  wires,  etc.,  connected  in  circuit. 
To  put  this  in  matheniaticiil  form,  the  voltage  of  the  cells  may 
l»e  indicated  b\'  the  letter  K;  and  the  reading  of  the  voltmeter  when 


the  insulatiim  resistance  is  connected  b_\-  the  circuit,  by  the  letter^'. 
Let  a  represent  the  resistance  of  the  voltmeter  and  li^  represent  the 
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insulation  resistance  of  the  installation  which  we  wish  to  measure. 
It  is  a  fact  which  the  reader  undoubtedly  knows,  that  the  e.  m.  f.  as 
indicated  by  the  voltmeter  in  Fig.  138  is  inversely  proportional  to  the  • 
resistance;  that  is,  the  greater  the  resistance,  the  lower  will  be  the 
reading  on  the  voltmeter,  as  this  reading  indicates  the  leakage  or  cur- 
rent passing  through  the  resistance.  Putting  this  in  the  shape  of  a 
formula,  we  have  from  the  theory  of  proportion 

E:E'  ::  R+R^  :  R 
or 

E'  R+E'  R^=E  R 

E'  R^^E  R-E'  R=R{E-E') 

„      R{E-E') 


Transposing 
and 


Or,  expressed  in  words,  the  insulation  resistance  is  equal  to  the  resist- 
ance of  the  voltmeter  multiplied  by  the  difference  between  the  first 
reading  <or  the  voltage  in  the  cells)  and  the  second  reading  (or  the 
reading  of  the  voltmeter  with  the  insulation  resistance  in  series  with 
the  voltmeter),  divided  by  this  last  reading  of  the  voltmeter. 

Example.  Assume  a  resistance  of  a  voltmeter  R  of  20,000  ohms, 
and  a  voltage  of  the  cells  E  of  30  volts;  and  suppose  that  the  insula- 
tion resistance  test  of  a  wiring  installation,  including  switchboard, 
feeders,  branch  circuits,  panel-boards,  etc.,  is  to  be  made,  the  insula- 
tion resistance  being  represented  by  the  letter  R^.  By  substituting 
in  the  formula 

^^R{E-E') 

and  assuming  that  the  reading  of  the  voltmeter  with  the  insulation 
resistance  connected  is  5,  we  have 

20,000  X  (30-5) 
fl,=  =100,000  ohms 

If  the  test  shows  an  excessive  amount  of  leakage,  or  a  ground  or 
short-circuit,  the  location  of  the  trouble  may  be  determined  by  the 
process  of  elimination — that  is,  by  cutting  out  the  various  feeders 
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until  the  ground  or  leakage  dbappears,  and,  when  the  feeder  on  which 
the  trouble  exists  has  been  located,  by  following  the  same  process 
with  the  branch  circuits. 

Of  course,  the  larger  the  installation  and  the  longer  and  more 
numerous  the  circuits,  the  greater  the  leakage  will  be;  and  the  lower 
will  be  the  insulation  resistance,  as  there  is  a  greater  surface  exposed 
for  leakage.  The  rules  of  the  Code  give  a  sliding  scale  for  the  require- 
ments as  to  insulation  resistance,  depending  upon  the  amount  of 
current  carried  by  the  various  feeders,  branch  circuits,  etc.  The  rule 
of  the  Code  covering  this  point,  is  as  follows: 

The  n-iring  in  any  building  must  test  free  from  grounds;  i.  «.,  the  com- 
plete instalktion  niUHt  have  an  insulation  between  conductors  and  between 
all  conductors  and  the  grounil  (not  including  attachments,  sockets,  recepta- 
cles, etc.)  not  less  than  that  given  below; 

TJp  to          5  amperes 4,000,000  ohms 

Up  to        10  amperes 2,000.000  ohms 

Up  to        25  amperes 800,000  ohms 

Up  to        50  amperes 400,000  ohms 

Up  to      100  amperes 200,000  ohma 

Up  to     200  amperes 100,000  ohms 

Up  to     400  amperes ,  .  ,  , 50,000  ohms 

Up  to      800  amperes 2.5,000  ohms 

Up  to  1,600  amperes 12,500  ohms 

The  lest  must  be  ma<ie  with  all  cut-ouls  and  safely  devices  in  place.  If 
the  lamp  sockets,  recei)tacle8,  eleclroliers,  clc,  arc  also  connected,  only  one- 
balf  of  the  resistances  specified  in  the  table  will  be  required. 

DEVICES  AND  MATERIALS 

No  care  in  installing  electrical  equipments  will  entirely  com- 
pensate for  the  use  of  inferior  or  defective  devices  or  materials. 
The  National  Board  of  Fire  I'nderwriters  has  for  many  years  main- 
tained a  system  of  tests  and  examinations  of  electrical  appliances, 
and  issues  twice  a  year  a  "List  of  Electrical  Fittings"  which  con- 
tains in  a  classified  form  under  the  names  of  their  manufacturers  all 
of  the  standard  and  special  fittings  and  materials  which  have  been 
approved.  These  tests  and  exanilnatiims  arc  made  and  the  approvals 
are  issued  by  Underwriters'  Laboratories,  Inc.,  a  tlioroughly  equipped 
institution  maintained  in  Chicago  by  the  fire  insurance  interests,  for 
the  exi)ress  puri)ose  of  examining  and  testing  all  kinds  of  devices  and 
materials,  electrical  and  otherwise,  which  have  any  bearing  what^ 
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soever  on  the  fire  hazard.  This  "List  of  Fittings"  issued  semi- 
annually, is  universally  recognized  as  the  only  complete  and  reliable 
guide  to  properly  safeguarded  electrical  appliances  and  it  should  be 
consulted  and  followed  in  the  choice  and  purchase  of  supplies.  The 
Underwriters'  Laboratories  also  maintain  an  elaborate  system 
whereby  manufacturers  may  obtain  and  place  on  their  wares  special 
labels  issued  by  the  Laboratories,  which  thus  become  a  guarantee  on 
the  goods  themselves  that  the  articles  bearing  such  labels  are  in  con- 
formity with  underwriters'  rules  and  have  been  examined  and  tested 
by  special  underwriters'  inspectors  at  the  factories  where  they  are 
made.  This  system  of  label  service  and  inspection  is  not  yet  extended 
to  all  classes  of  approved  electrical  devices,  but  for  those  classes  of 
appliances  which  are  now  included,  the  label  may  be  regarded  as 
affording  to  prospective  purchasers'  and  users  reliable  evidence  not 
only  of  the  general  approval  of  the  design  but  also  that  the  particular 
sample  bearing  the  label  is  made  in  accordance  with  requirements 
and  is  suitable  for  use. 

I  The  constructional  details  of  electrical  fittings  and  materials 
together  with  the  chief  tests  to  which  they  are  subjected,  prior  to 
approval,  are  contained  in  what  is  known  as  "Class  D"  of  the  Code, 
This  pamphlet  should  be  consulted  for  full  details  or  inquiry  should 
be  addressed  to  UnderwTiters'  Laboratories,  207  East  Ohio  Street, 
Chicago,  Illinois,  or  135  William  Street,  New  York,  for  information 
not  given  in  the  Code  or  in  the  semi-annual  "List  of  Fittings". 

In  the  following  pages  is  given  a  brief  discussion  of  the  chief 
diaracteristics  and  requirements  of  some  of  the  more  common 
materials  and  of  the  more  important  classes  of  devices  used  in  elec- 
trical construction  work. 

RUBBER-COVBRED  WIRE 

General  Specifications.  A  considerable  variety  of  grades  of 
rubber-covered  wire  is  manufactured,  some  makers  offering  several 
grades  and  others  only  one  or  two  at  most.  The  chief  distinction 
lies  in  the  quality  and  quantity  of  real  new,  pure,  fine  rubber  gum 
used  in  the  compound.  It  is  not  [rossible  to  determine  or  grade  the 
excellence  of  a  rubber  compound  by  any  direct  or  readily  applied 
tests,  but  somewhat  elaborate  tests,  physical,  chemical,  and  eleo- 
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TABLE  IV 
Thickness  or  Rubber  Insulatton 


B.  k  8.  G^UOE 

T««K<« 

18  to       16 

1-32  inch 

15  to        8 

3-64  inch 

7  to        2 

1-16  inch 

1  to  0000 

6-64  inch 

Cltcular  Mils 

250,000  to      S00,000 

3-32  inch 

500,000  to  1,000,000 

7-64  inch 

Over            1,000,000 

1-8  inch 

trioal,  arc  iiutt'ssary  to  arri\e  at  any  correct  estimate.  The  following 
properties  of  good  wire  may,  however,  be  noted.  The  rubber  should 
be  neither  hard  and  drj-,  nor  soft  and  spong>-.  When  examined 
minutely  it  should  appear  of  a  close  uniform  texture  free  from  small 
bits  of  unniixiHl  matter  or  pinholes.  It  should  adhere  closely  to  the 
tinned  copi)er.  The  thickness  of  rubber  wall  should  correspond  to 
the  data  given  in  Table  I\', 

Measurements  of  insulating  wall  are  to  Ije  made  at  the  thinnest 
portion  of  the  dielectric  and  it  shoukl  be  ver\'  carefully  noted  whether 
the  copper  is  exactly  centered  in  the  rubber  cohering  so  that  the  full 
prcscril)cd  insulalion  is  niaiiUained  on  all  sides. 

The  nibbcr  insulation  should  exhibit  a  fair  degree  of  elasticity 
when  i>ieci's  cut  from  the  wire  are  strctc-hcd  and  released.  If  the 
niblier  breaks  with  a  very  slight  pull  and  shows  no  ability  to  stretch 
and  recover  its  first  length  it  is  probable  tluit  a  very  poor  grade  of 
gum  lias  l)een  used,  or  that  the  nianufac-turiiig  process  is  defective, 
or  both. 

After  the  braid  has  been  earefiilly  removed  it  should  be  possible 
to  wind  the  smaller  >ize^  of  wire  abaut  a  cylinder  of  the  same  diameter 
05  the  rubber-covered  win'  wiiliuui  the  rnblH'r  showing  any  breaks 
or  cracks  either  at  once  nr  after  -e\eral  iiay<. 

The  foregi >in,i;  :-hiinh!  1m-  cun^idered  as  only  nnigh  tests  and  not 
siLsirptiMi'  i>f  exact  aiiplicaiinn  except  under  I'nnditions  which  can 
K'  maintaiTieii  in  a  reirnlur  tcMiiii:  labtiratuvy.  No  directions  can  be 
given  wliicii  will  ]»TnuT  any  but  an  eN[>i.'rt  chemist  to  make  chemical 
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The  braids  should  be  of  close  weave  and  should  be  very  thor- 
oughly saturated  with  the  compound.  All  wires  should  have  through 
their  entire  length  a  marker  indicating  by  whom  they  were  made 
and  each  coil  should  bear  a  tag  giving,  beside  the  maker's  name,  the 
maximum  voltage  for  which  it  is  designed,  the  words  "National 
Electrical  Code  Standard,"  and  the  month  and  year  when  it  was 
manufactiued.  Every  coil  of  approved  wire  is  separately  tested  by 
the  maker  at  the  factory  by  at  least  two  electrical  tests,  one  designed 
to  show  that  the  insulation  is  free  from  mechanical  defects  and  the 
other  to  show  at  least  a  minimum  insulation  value. 

Special  Insulation.  Most  makers  are  prepared  to  furnish  at  a 
special  price  a  grade  of  wire  commonly  known  as  "thirty  per  cent 
Para."  This  wire  is  understood  to  have  an  insulation  containing  at 
least  30  per  cent  of  "fine,  pure,  up-river  Para"  gum  which  is  much 
more  than  common  commercial  rubber-covered  wire  contains.  This 
30  per  cent  wire  is  also  made  according  to  certain  rather  exacting 
specifications  designed  to  insure  a  high  grade  of  insulation  with  good 
lasting  properties.  Wire  of  this  description  is  often  specified  where 
an  extra  good  quality  is  desired  for  first  class  work. 

A  good  compound  should  contain  a  large  percentage  of  pure, 
fine,  new  rubber  of  excellent  quality.  Para  rubber  is  universally 
admitted  to  be  the  best  for  imparting  life,  strength,  and  durability 
to  the  insulation.  The  use  of  reclaimed  rubber  or  any  of  the  so-called 
rubber  substitutes  reduces  the  excellence  of  the  compound  approxi- 
mately in  the  proportion  in  which  it  is  used.  The  other  ingredients 
of  a  good  compound  are  solid,  waxy,  hydrocarbons,  suitable  mineral 
matter  and  sulphur.  The  sulphur  plays  an  important  part  in  the  vul- 
canizing of  the  compound,  the  process  whereby  the  rubber  is  trans- 
formed from  its  original  and  almost  crude  state  into  the  substance 
familiar  to  us  as  manufactured  rubber  in  anyoneof  itsnumerous  forms. 

Fixture  Wire.  Fixtures  may  be  wired  with  flexible  cord  or 
standard  rubber-covered  wire,  and  for  other  wires  for  use  in  fixtures, 
the  following  rules  apply :  The  wire  may  be  either  solid  or  stranded 
and  not  less  than  Xo.  18  B.  &  S.  gauge.  Solid  conductors  must  be 
tinned  and  stranded  conductors  must  be  of  strands  not  less  than 
No,  30  B.  &  S,  gauge  and  mu3t  have  a  cotton  wind  between  copper 
and  rubber.  The  No.  18  wire  may  have  a  rubber  insulation  A-inch 
thick,  but  No.  16  and  also  flexible  cord  used  in  fixtures  must  have 
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at  least  A-inch  rubber.  Ali  sizes  must  be  covered  with  a  good 
braid.  The  concession  of  so  thin  a  rubber  wall  on  No.  18  wire  has 
been  made  because  a  very  small  wire  must  be  used  to  pass  through 
the  arms  and  other  parts  of  many  fixtures. 

In  wiring  certain  designs  of  show-case  fixtures,  ceiling  bull's- 
eyes  and  similar  appliances,  in  which  the  wiring  is  exposed  to  tem- 
peratures in  excess  of  120°?.  (49°  C),  from  the  heat  of  the  lamps, 
slow-burning  wire  may  i>e  used. 

Insulation  for  Conduit  and  Armored  Circuits.  For  all  conduit 
work  and  in  all  armored  cable  the  wire  Is  regular  standard  rubber- 
covered  with  an  extra  braid.  For  twin  or  duplex  wires,  this  outer 
braid,  which  should  be  at  least  A-inch  thick,  is  made  as  a  covering 
over  the  two  regular  rubberK'o\'ered  and  braided  conductors.  These 
twin  wires  are  generally  used  in  conduit  work  but  where  single  con- 
ductors are  used  they  must  also  have  double  braid.  The  purpose  of 
this  extra  outer  braid  is  primarily  to  withstand  the  abrasion  and 
strain  resulting  from  hauling  the  conductors  through  the  conduita 
from  outlet  to  outlet,  and  the  braids  on  the  individual  conductors 
are  to  hold  the  rubber  insulation  in  place  and  prevent  jamming  and 
flattening  which  might  reduce  the  thickness  of  rubber  between  the 
two  wires  and  thus  weaken  the  JnsulatioEi  at  many  points. 
RIOID  CONDUIT  AND  CONDUIT  FITTINQS 

Unlined  Steel  Conduit.  The  following  description  applies 
only  to  standard  mdined  steel  conduit.  This  is  made  of  mild  steel 
with  a  butt  i\eld  joint  lengthwise  of  the  pipe.  Sizes  run  from  normal 
J-inch  to  4-inch  pipe.  The  raw  pipe  is  thoroughly  cleaned  inside 
and  outside  and  then  given  a  protecti\e  coating  either  of  an  enamel 
baked  on  or  of  zinc  ap]>licd  cither  by  electroplating  or  by  a  special  proc- 
ess known  as  sherardizing.  With  cither  form  of  zincing  the  interior 
is  given  a  coat  of  enamel  also.  The  finished  pipe  should  be  smoothly 
coated  and  able  to  stand  bending  without  injury  to  the  enamel  or  the 
zinc.  The  conduit  should  he  of  sufliciently  true  circular  section  to 
admit  of  cutting  true,  clean  threads.  The  enamel  applied  to  con- 
duit is  not  considered  as  an  insulation  hut  either  enamel  or  zinc  is 
required  to  protect  the  stei'l  from  rusting  away  and  also  to  pve  a 
smooth  surface  for  the  conthutors  to  l»e  drawn  over  iti  inserting  the 
wires.  Ordinary  commercial  i)iiH'  should  never  be  used  as  electric 
conduit  since  it  is  not  free  trom  rough  eilees,  is  not  maintained  at 
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Minimum 

TABLE  V 
WelehU  of  Conduit  for  l^equlred  Wall  Thickness 

Incbes 

Pounds  p*r 

8i» 
Incbea 

T^i^' 

i 

i 

I 
U 

79 
105 
153 
201 

2 
3 

249 

690 

uniform  size  or  wall  thickness,  is  not  protected  against  rust  and  in 
general  is  not  made  with  the  care  and  rigid  inspection  which  have 
been  found  by  experience  to  be  necessary  for  electric  conduits. 
Table  V  gives  the  minimum  weights  per  100  feet  of  finished  conduit 
which  are  required  to  give  the  specified  thickness  of  wall. 

Conduit  Fittings.  A  very  great  \'ariety  of  boxes  and  small  fittings 
for  use  with  conduit  is  available.  All  boxes  including  flush  switch 
boxes  should  be  either  of  cast  iron  with  walls  at  least  J-inch  thick  or 
of  sheet  steel  at  least  .078  inch  thick.  They  must  be  well  enameled 
or  galvanized  to  protect  them  from  rusting  and  must  have  no  open- 
ings not  closed  by  the  entering  pipes,  by  a  metal  cover  of  the  same 
thickness  of  the  box  or  by  the  switch,  receptacle,  or  canopy  of  the 
device  attached  to  them.  Under  no  circumstances  is  it  allowable  to 
place  any  such  box  so  that  it  will  not  l.c  accessible.  There  should  be 
no  rough  edges  or  comers  which  are  liable  to  injure  the  coverings  of 
wires  as  they  are  drawn  in.  Fig.  139  shows  the  form  of  a  common 
tj'pe  of  box.  Boxes  for  use  with  combina- 
tion gas  and  electric  fixtures  must  be  pro- 
vided with  an  arrangement  for  making  a 
tight  electrical  connection  between  the 
box  and  the  gas  pipe  at  each  outlet  m 
that  there  may  be  no  arcing  between  box 
and  pipe  in  case  any  failure  of  \\ire  insu- 
lation causes  a  current  to  flow  o\Tr  the 
box.  Otherwise  such  an  arc  may  liurn  a 
hole  in  the  gas  pipe  and  ignite  the  gas. 
All  threaded  parts  of  boxes  and  all  threads 

on  iocknuts  and  metal  bushings  must  be  clean  cut  and  well  fitted  in 
mder  to  insure  that  permanent  and  reliable  electrical  continuity  of  the 
conduit  system  which  is  one  of  the  chief  requirements  for  conduit  work . 
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Set  screw  connections  have  been  found  unsatisfactory  as  they 
loosen  with  the  vibration  of  buildings  and  with  changes  of  tempera- 
ture, and  only  regular  screwed  thread  joints  or  substantial  clamps 
should  be  used  at  all  conduit  and  armored-cable  connections. 


Where  a  floor  outlet  in  a  conduit  system  is  desired,  a  special 
tj'pe  of  box,  known  as  a  floor  outlet  box,  should  be  used,  if  the  fitting 
is  liable  to  injury  or  the  presence  of  moisture  is  probable.  Such 
boxes  {see  Fi^-  HO)  provide  ample  room  for  malting  splices,  for  mount- 
ing receptacles  or  other  fittings,  and  especially  provide  a  substantial) 
water-tight  top  or  vovct  set  flush  with  the  floor  surface.  The  practice 
of  setting  flush  wall  rcf  ptacles  in  flot»ra  is  allowable  in  hardwood 
floors  in  ofliccs  or  rcsidenres  wliere  the  mechanical  protection  need 
not  be  groat  and  where  wjiter  is  never  used  to  clean  the  floors. 

FUSES  OR  CUT-OUTS 

Classification.  Three  forms  of  fuses  are  at  present  employed 
in  this  country  forgencra!  wiring  work,  opfn-/i«i  fuses,  carirw^efuses 
atui  plug  fuses,  tlie  last  two  being  further  described  as  enclosed  fuses 
to  distinguish  them  from  the  open  links.  The  bases  to  which  or  in 
which  the  fuses  are  secured  arc  called  cut-outs. 

Link  fnses  are  extensively  used  on  large  switchboards  and  their 
use  on  such  iioards  is  open  to  less  objection  than  for  general  wiring 
since  such  iioards  are  usnally  under  expert  supervision  and  located 
in  well-protected  or  firepn>of  rooms.  Witli  link  fuses  there  is  always 
the  possibiHt\-  of  a  larger  fuse  being  pnt  into  the  cut-out  than  it  was 
designed  for,  which  is  not  true  of  enclosed  fuse  cut-outs  classified  as 
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TABLB  VI 

Open-Link  Fuse  Spaclne 

of  Opposits  PoUrity 
iDchu 

"k-sr 

DisUnw 

126  VolU  or  less 

10  amperes  or  less 

i 

i 

11-100  amperes 

1 

i 

1 

1 

u 

H 

126  to  250  Volts 

u 

U 

11-100  amperes 

H 

U 

2 

U 

301-1000  amperes 

21 

2 

required  below.  Again,  the  voltage  in  most  plants  can,  under  some 
conditions,  rise  considerably  above  the  normal.  The  need  of  some 
margin,  as  a  factor  of  safety  to  prevent  the  cut-outs  from  being 
ruined  in  ordinary  service,  is  therefore  evident.  When  tablet-boards 
or  single  fuse-blocks  with  such  open-link  fuses  on  them  are  used  in 
general  wiring,  they  must  be  enclosed  in  cabinet  boxes.  This  is 
necessary,  because  a  severe  flash  may  occur  when  such  fuses  melt, 
so  that  they  would  be  dangerous  if  exjwsed  in  the  neighborhood  of 
any  combustible  material.  Link  fuses  should  never  be  mounted  on 
porcelain  cut-outs  because  a  severe  short-circuit  is  liable  to  break 
this  rather  fragile  material  and  the  molten  metal  is  apt  to  fuse  into 
the  porcelain,  partly  reducing  its  insulating  properties. 

There  is  no  filler  surrounding  the  fusible  metal  of  open  links 
and,  therefore,  the  ability  of  the  fuse  to  open  the  circuit  depends 
on  having  enough  of  the  metal  burned  away,  when  the  fuse  blows,  to 
break  the  arc.  For  this  reason  the  terminals  for  hnk  fuses,  as  far 
as  practicable,  should  be  made  of  compact  form  instead  of  being 
rolled  out  in  thin  strips;  and  sharp  edges  or  thin  projecting  pieces, 
as  on  wing  thumb  nuts  and  the  like,  should  be  avoided.  Thin  metal, 
sharp  edges,  and  projecting  pieces  are  much  more  likely  to  cause 
an  arc  to  start  than  a  more  solid  mass  of  metal.  It  is  a  good  plan 
to  round  all  corners  of  the  terminals  and  to  chamfer  the  edges.  Plain 
fuse  wire  or  fuse  strip  should  never  be  used  for  links  but  only  fuses 
made  up  with  solid  metal  terminals  as  shown  in  Fig.  17. 
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In  general  work  open-link  fuses  should  not  be  used  on  circuits 
of  voltages  above  250  volts  and  where  large  currents  are  involved 
the  use  of  approved  circuit  breakers  is  very  much  to  be  preferred  to 
extra  large  link  fuses.  The  spacings  for  open-link  fuses  are  given  in 
Table  VI. 

Plug  Fuses.  The  form  of  fuse  which  is  used  in  larger  num- 
bers than  those  of  any  other  type,  is  shown  in  Fig.  141.  Fig.  142 
shows  one  of  the  many  forms  of  cut-out  bases  for  plug  fuses  and 
Fig.  57  shows  similar  blocks  arranged  in  an  asbestos-lined  cabinet 
to  make  a  tablet  or  panel-board  for  distributing  current  to  branch- 
lighting  circuits.  The  cabinet  should  have  a  tightly  fitted  asbestos- 
lined  or  metal-lined  door.  Plug  fuses  are  approved  for  use  only  on 
circuits  of  not  over  125  volts,  Including  3-wire  circuits  with  grounded 
neutral,  and  not  over  250  \'olts  between  outside  wires.     Fig.  143 


mm 


Fig.  141.     Slandard  Fu.ie  Plug  Fig.  142.     Cut-Oul  Bbk  for  Fuie  Plujl 

shows  the  effect  if  the  fuses  are  blown  on  a  220-^■olt  circuit.  These 
plugs  are  limited  to  ratings  of  30  amjipres  and  less  because  their 
form  and  strength  is  not  such  as  to  make  them  safe  for  use  with  larger 
currents.  They  are,  therefore,  chiefly  adapted  for  small  lighting  and 
motor  branch  circuits.  They  are  decidedly  safer  than  open-link 
fuses  of  equal  capacity  and  are  cheaper  than  enclosed  cartridge  fuses. 
There  are  a  number  of  jmtterns  of  unapproved  plug  fuses  on 
the  market  «hich  should  be  avoided  as  they  usually  lack  some  of  the 
essential  properties  of  safe  fuses,  although  they  may  appear  from 
casual  insi)ectioTi  to  be  almost  identical  with  them.  It  is  unfor- 
tunately true  that  plug  fuses  of  the  present  form  can  be  "doctored" 
in  several  ways  so  a.-i  to  carry  larger  ciirrcjits  than  they  should.  Tin- 
foil, solder,  and  bits  of  copper  wire  are  often  found  ])ut  around  or  into 
plug  fuses  so  as  to  completfl\'  destroy  their  usefulness  as  protective 
devices.  Inspectors  and  ]>r(iperty  owners  should  be  on  the  lookout 
for  this  highly  dangerous  practice  and  also  observe  carefully  whether 
plugs  of  too  large  current  capacity  have  been  substituted  for  those  of 
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ratings  which  afford  real  protection  to  the  wiring  of  the  circuits  of 
which  they  are  a  part. 


Tit.  113.     ESeot  o[  Plus 


Cartridge  Fuses.  A  cartridge  fuse  consists  of  a  cylindrical  tube 
of  fiber  or  strong  paper  to  which  are  fitted  metal  caps  hy  means  of 
which  connection  is  made  to  the  cut-out  terminals.  Within  the  tube 
is  the  fusible  metal  wire  or  strip  extending  between  and  firmly  secured 
to  the  inside  of  the  caps.    The  tube  is  filled  with  a  powdered  or 


granulated  material  packed  closely  about  the  fusible  strip.     The 
purpose  of  this  filler  is  to  conduct  the  heat  from  the  strip  to  the  outer 
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casing,  to  smother  the  arc  when  the  fuse  blows,  to  make  it  possible 
to  adjust  more  exactly  the  carrying  capacity  of  the  fusible  strip,  and 
to  absorb  some  of  the  gases  evolved  from  the  molten  metal.  The  chief 
ingredients  of  fillers  now  used  are  magnesia  and  plaster  of  Paris. 
Fig.  144  shows  in  section  the  internal  construction  of  two  typical 
cartridge  fuses  of  30  and  200  amperes  capacity.  The  illustration 
is  full  size.  The  small  wire  extending  from  one  terminal  to  a  point 
on  the  tube  and  thence  to  the  other  terminal  is  designed  to  bum 
off  at  the  tube  when  the  fuse  blows  and  fuse  a  bit  of  powder  under 
a  slip  of  thin  paper  on  the  outside  of  the  casing,  thus  indicating  that 
the  fuse  has  operated.  As  will  be  seen  from  the  description  a  cart- 
ridge fuse  will  confine  the  arc,  flame,  or  molten  metal  within  the  filler 
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Fig.  115.     DitijcnsioM  and  Clii^fitiitiuQs  uf  Curlridge  Fuses 

and  tube  when  its  fusible  clement  is  melted  bj'  an  overload  or  by  a 
short-circuit  and  is,  therefore,  a  safer  device  than  an  open-link  fuse. 
In  1905  a  standardimition  of  cartridge  fuses  and  their  cut-out 
bases  was  agrcefl  upon  in  onW  to  bring  tlinn  all  to  uniform  dimen- 
sions, to  arrange  the  different  ratings  iimier  a  classification  which 
would  make  it  ini]><)ssil>lf  to  i>ut  a  large  fuse  into  a  cut-out  base  of 
a  smaller  class,  and  to  make  it  possible  to  use  any  approved  fuse  in 
any  ai>pro\e<l  base  whether  fuse  and  base  wcr<!  of  the  same  or  different 
make.    I  iifier  this  classification  two  types  of  terminals  were  stand- 
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wdized  known  as  ferrule  and  knife-blade  contacts,  and  the  current 
ratings  were  grouped  into  two  sizes  for  the  ferrule  and  four  sizes 
for  the  knife-blade  contacts.  The  dimensions  and  classification 
are  fully  shown  on  the  diagrams  and  in  the  table,  Fig.  145. 

Knife  Switches.  Knife  switches  must  always  be  mounted  on 
separate  bases  of  slate,  marble,  or  porcelain,  or  on  slate  or  marble 
switchboards  or  panels.  The  parts  carrying  the  contact  clips  and 
the  blade  hinges  must  be  secured  to  the  base  by  two  screws,  a  screw 
and  a  dowel-pin,  or  otherwise,  so  that  the  parts  will  always  be  in 
correct  alignment.  If  the  contact  jaws  or  hinge  clips  get  turned  so 
as  to  be  out  of  line,  it  may  be  impossible  to  close  the  switch,  espe- 
cially at  the  first  attempt,  and  severe  arcing  may  result  from  the 
efforts  to  do  so.  Even  if  the  blade  enters  the  jaws,  the  contact  may 
be  imperfect,  causing  undesirable  heating.  The  chief  points  to  note 
in  judging  a  knife  switch  are  the  following:  Excellence  of  fit  of 
blades  both  at  the  hinge  and  in  the  contact  clips;  stiffness  and  size 
of  all  metal  parts  to  secure  good  contact  surfaces  and  ample  carrying 
capacity.  No  part  should  become  heated  over  50°  F.  when  the 
switch  is  carrying  its  full  rated  current,  and  at  all  sliding  contacts 
there  should  be  at  least  1  square  inch  of  surface  contact  for  every 
75  amperes  of  current.  The  cross  bars  should  be  very  securely  fas- 
tened to  the  blades  and  the  workmanship  throughout  should  be 
excellent.  If  each  blade  is  secured  to  the  cross  bar  hy  only  one  screw, 
without  dowel-pins  or  a  square  shoulder  fitting  closely  in  a  recess  in 
the  bar,  a  slight  loosening  of  the  screws  will  allow  one  blade  to  close 
and  open  the  circuit  before  the  other,  resulting  in  arcing  and  ultimate 
injury  to  the  switch.  Such  construction  is  also  liable  to  result  in  a 
weak  switch.  Too  little  attention  is  frequently  given  the  question 
of  mechanical  strength,  with  the  result  tliat  after  a  comparatively 
short  time  of  service  the  switches  rattle  to  pieces  or  break  unless 
very  carefully  handled,  and  even  then  repairs  are  often  necessary 
to  keep  them  in  working  order.  A  cheap  switch  is  seldom  a  rugged, 
durable  device.  All  switches  should  be  marked  with  the  name  of 
their  maker  and  the  rating  in  both  volts  and  amperes. 

The  spacings  of  switches  must  be  at  least  as  great  as  those  given 
in  the  Code,  a  copy  of  which  is  gi\-en  in  the  following  tables.  This 
table  specifies  the  limits  necessary  for  both  direct-current  and 
altCTnating-cmrent  systems. 
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TABLE  VII 
Approved  Spacing  and  Marking  for  Knife  Switches 

t.  Not  over  125  volts  d,  f .  aad  a.  c. 

witohboardB  and  pautl  boards:— 


TMi  t. 

Width  and  thickneH 

CliM  and 

BladM                        Hlnmi 

M>A  Inch                H'Alnch 

Not  over  125  volu  d,  c.  and  a,  o- 
For  individual  swilthea:— 

ofTe 

::: 

M-ft 

A  300-amperc  switch  with  tlic  Rpacings  of  the  200-ampete  switch  above 
may  be  used  on  switchboards. 

TMt  S.  2S0  voka  only  d.  c.  and  a. 


30  amperes  K^M  M>A  Hi  2 

60  BDif  100  unpcres  2W  2 

200  amprea  2>i  2K 

SOO  and  1000  amperea  3  i.% 

A  300-ampero  switch  with  the  spacings  of  the  200-ampere  switch  above 
may  be  used  on  switchlmardR. 

Cut-out  tenninala  on  switches  for  over  250  volts  must  be  dcsigDed  and 
spaced  for  600-volt  fuses. 

Tabit  S.  Not  over  BOO  voilB  d.  c.  and  a,  c. 

Foral1™itchea;— 

Ini^h  Inch  loch  Inch 

SOamperea  Ji-Ji  'A'h  *  3H 

6U  amperes  4  3H 

lOOampe™  4M  * 

Auxiliary  contacts  of  either  a  readily  renewable  or  a  quick-break  type  or 
the  equivalent  arc  recommended  for  d.  c.  switches,  designed  for  over  250  volts, 
and  must  be  provided  on  d.  c.  switches  designed  for  use  in  breaking  currents 
greater  than  100  amperes  at  a  voltaRc  of  over  2;'i0. 

For  3-wire  direct-curn'Ot  and  IJ^wire  sinule-phaae  systems,  the  separation 
and  break,  distances  for  plain  3-polc  knife  switches  must  not  be  less  than  those 
required  in  the  above  table  for  switches  deajjni-*!  for  the  voltage  between  neutral 
and  outside  wirctt. 

Marking.  Must  be  plainly  marked  where  it  can  be  read,  when  the  switch 
ia  installed,  with  tlie  name  of  the  maker  and  the  current  and  the  voltage  for 
which  the  switch  is  designed. 

Switches  designed  for  250-volt  d.  c.  or  500-volt  a.  c.  circuits,  without  fusea 
on  the  snnteh  base,  must  be  marked  MO  V.,  d.  e.,  SOO  V..  a.  c.  When  250-volt 
fuse  terminals  are  mountedon  the  switch  liaat;  the  mark int;  of  the  switch  must  be 
250  v.,  d.  c.  and  a.  c.  When  600-voU  (use  terminals  are  mounted  on  the  switch 
base  the  terminals  must  be  spared  for  600-volt  fuses  and  the  switches  marked 
500  volts  a.  c. 

Triple  pole  ewitchea  designed  with  12-5-^'olt  spacings  between  adjacent 
blades  must  be  marked  125  volts  and  may  he  used  on  IJ-wirc  d.  c-  or  single  phase 
syetcaiB  hnving  not  more  than  125  volts  U'tween  adjacent  wires  and  not  more 
uan  250  volts  between  the  two  outside  wires. 

When  designed  with  2.5t)-volt  spacings  between  adjaecnl  blades,  triple  pole* 
switches  must  l)e  ni;irke<l  250  volts  and  may  be  used  on  ;S-wire  d.  c.  or  single- 
phase  systems  having  not  more  than  250  volla  between  adjacent  wires  and  not 
more  than  .500  volts  between  the  outside  wires. 
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Snap  Switches.  Under  this  term  are  included  the  common 
round  base  aurjace  switches,  the  rotary  and  push-button  switches, 
which  are  set  in  boxes  in  side  walls  flush  with  the  surface,  pendant 
switches,  and  all  such  as  are  operated  by  the  motion  of  doors,  by  ,a 
cord  and  all  switches  mounted  on  fixtures.  The  distinguishing 
feature  of  them  all  consists  in  the  fact  that  the  motion  of  the  parts 
which  open  and  close  the  circuit  is  produced  by  a  spring  contained 
in  the  mechanism.  As  the  handle  or  button  b  turned  or  pushed 
this  spring  is  wound  up  and  at  the  proper  tension  is  released,  thus 
throwing  the  switch  blades  into  or  out  of  the  contacts.  Thus  the 
quickness  with  which  the  circuit  is  opened  or  closed  is  not  directly 
determined  by  the  motion  of  the  operator's  hand  but  by  the  spring, 
and  if  the  switch  is  of  proper  design  and  in  good  condition,  the 
action  is  prompt  and  reliable  even  though  the  pwson  using  the 
switch  is  not  careful  to  do  just  the  right  thing.  Such  snap  switches, 
therefore,  differ  from  knife-blade  switches  In  that  their  proper  use 
does  not  depend  upon  the  user  and  they  are  correspondingly  better 
suited  for  general  purposes  for  unskilled  persons. 

The  bases  should  be  of  non-combustible  material,  usually 
porcelain,  and  all  covers  should  be  lined  with  a  non-conducting 
material  such  as  fiber  unless  they  are  of  porcelain.  Without  this 
lining  there  is  danger  of  the  cover  forming  a  short-circuit  in  the 
switch,  especially  if  the  cover  is  removed  or  replaced  while  the 
switch  b  "alive."  The  side  lining  should  extend  beyond  the  lower 
edge  of  the  cover. 

The  binding  posts  should  be  of  a  type  in  which  the  end  of  the 
connected  wire  is  held  under  a  screw  head  or  equivalent  device  and 
not  by  a  set-screw  the  end  of  which  drives  against  the  side  of  the 
wire,  as  a  set-screw  is  likely  to  become  loosened  and  is  almost  sure 
to  cut  into  the  wire.  Indicating  switches  are  much  preferred  for  all 
work,  as  by  showing  at  once  whether  the  current  is  "on"  or  "off" 
they  tend  to  save  mistakes  and  possible  accidents.  The  fact  that 
lights  do  not  bum  or  that  a  motor  does  not  run  is  not  necessarily  a 
sure  sign  that  the  current  is  off,  but  the  indicating  switch  makes  it 
possible  to  tell  at  a  glance  whether  the  circuit  is  open  or  closed. 

Fig.  146  shows  a  variety  of  approved  snap  switches  of  common 
type.  Snap  switches  to  be  approved  are  required  to  operate  success- 
fully at  50  per  cent  excess  current  above  that  for  which  they  are 
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rated  at  the  voltages  for  which  they  are  <lesigne<l.  This  is  to  provide 
a  margin  of  safety  but  should  not  l)e  made  au  excuse  for  using  them 
for  larger  currents  than  those  marked  on  them.  They  are  made  in 
a  great  variety  of  sizes  and  patterns,  single-  and  double-pole,  three- 
and  four-way,  and  in  special  designs  for  turning  on  the  lamps  of  a 
chandelier  one  after  the  other  or  for  controlling  small  motors  or  heat- 
ing devices.  The  standardized  ratings  include  125,  250,  and  600 
volts  for  currents  of  3,  5,  and  10  amperes  in  the  more  commonly 
used  patterns.  Certain  large-sized  double-pole  surface  snap  switches 
are  rated  at  20  or  30  amperes  while  a  few  of  the  more  special  and  less 
substantial  forms  are  limited  to  1  ampere  only.     In  judging  snap 
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switches  of  all  kinds  samples  are  tested  by  Underwriters'  Labora 
tories  in  the  following  way:  they  are  connected  to  control  groups  of 

lamps  taking  full  rated  current  of  tlie  switch  at  full  rated  voltage 
and  are  then  put  on  a  s|»ecial  mncliine  which  o]>erates  them  slowly 
and  continuously  for  0,000  cycles,  tliat  is  0,000  full  "on  and  off" 
operations.  It  is  required  that  the  sainijlcs  stand  this  endurance 
test  without  failing  cither  mechanically'  iir  electrically.  This  test  is 
re-applied  to  new  and  recent  samples  from  time  to  time,  and  similar 
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tests  are  constantly  in  progress  at  the  factories  where  the  switches 
are  made,  so  that  any  important  defect  in  material  or  construction 
is  soon  detected  and  a  fairly  uniform  grade  of  snap  switches  is  sure 
to  be  produced  foi'  the  user.  Such  persistent  tests  have  done  much 
to  improve  the  quality  of  these  and  other  electrical  products. 

CIRCUIT  BRBAKBRS 

Circuit  breakers  are  automatic  switches  so  designed  that  an 
excess  current  will  cause  the  switch  to  open.  They  thus  share  the 
properties  of  both  switches  and  protective  devices  such  as  fuses,  and 
in  their  choice  and  installation  both  functions  must  be  considered. 
Breakers  are  made  for  currents  of  all  capacities  and  for  circuits  of 
everj'  voltage  both  d.  c.  and  a.  c.  Those  most  commonly  used  on 
lighting  and  power  switchboards  and  in  general  commercial  work 
are  for  voltages  of  600  volts  or  less  {occasionally  2,000  volts).  For 
higher  voltages  the  breakers  are  of  massive  form  and  are  often  set 
in  cells  or  compartments  of  brick,  slate,  or  concrete.  Such  breakers 
are  employed  only  where  expert  supervision  is  always  available  and 
their  form  and  operation  is,  therefore,  not  prescribed  by  under- 
wTiters'  rules  but  rather  by  the  engineering  necessities  of  the  system 
of  which  they  are  a  part. 

The  ordinary  commercial  breaker  as  used  on  low-voltage  cir- 
cuits may  be  one,  two,  or  three  poles  and  these  may  be  independent 
of  each  other  or  may  be  interlocked  so  that  an  overload  on  any  one 
wire  will  cause  all  the  lines  to  be  opened.  The  latter  is  preferable. 
Breakers  are  usually  made  with  an  adjustment  regulating  the  point 
at  which  they  will  open.  Thus  a  100-ampere  breaker  may  be  set 
to  open  at  any  current  with  a  certain  range  above  and  below  100 
amperes. 

In  installing  breakers  the  same  care  should  be  taken  as  with 
fuses  of  like  capacity.  They  should  never  be  placed  near  any  in- 
flammable material,  as  their  operation  under  severe  overloads 
results  in  a  severe  though  brief  ar<r  and  often  in  the  spattering  of  bits 
of  molten  metal  quit<'  caimble  of  igniting  waste,  shavings,  etc.  The 
use  of  circuit  breakers  instead  of  fuses  is  to  l)c  recommended  for 
very  large  currents  ami  for  all  circuits  such  as  many  motor  circuits 
where  operating  conditions  are  liable  to  produce  frequent  overloads. 
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Classification.    Circuit  breakers  may  be  divided  into  two  chief 
classes,  carbon  or  air-break  patterns  and  oii-immeTSed  patterns.    The 


former  may  be  used  on  either  d.  c.  or  a.  c.  circuits.  They  have 
copper  blades  and  fixed  contacts  with  carbon  secondary  contacts 
arranged  to  open  just  after  the  heavy  copper  contacts.  Thus  the 
current  is  carried  by  copper  parts  of  ample  size  when  the  breaker  is 
closed,  and  the  arcing  on  opening  is  largely  confined  to  the  carbon 
contacts  which  are  better  for  this  purpose  than  metal.  Such  breakers 
may  become  dangerous  either  from  overheating  of  the  coils,  from 
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arcing  uik)ii  opening  heavy  currents,  or  from  failure  to  act  in  emer- 
gency as  they  are  intended  to  do.  However,  the  better  types  of 
modern  breaker  arc  very  well  made  and  form  reliable  protective 
ievices. 
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Oil-immersed  breakers  are  cdming  more  and  more  into  use. 
They  are  made  with  their  contacts  immersed  in  a  heavy  oil  contained 
in  a  can  or  case  of  suitable  form.  When  the  contacts  open,  the  oil 
aids  very  greatly  in  quenching  the  arc,  and  such  breakers  can, 
therefore,  be  made  quite  compact  since  a  long  break  distance  is  not 
so  essential.  These  breakers  are  made  both  for  switchboards  and 
wall  mounting.  They  are  not  so  well  suited  to  direct-current  circuits 
since  the  action  of  the  d.  c.  arc  carbonizes  the  oil  too  rapidly.  Fig. 
147  shows  a  modern  oil  breaker.  They  present  a  hazard  due  to  the 
oil  which  may  become  overheated  or  even  ignited.  This  is  unlikely 
to  occur  with  a  well  designed  oil  switch  or  breaker,  but  the  usual 
precautions  should  be  taken  to  keep  the  switch  and  its  immediate 
neighborhood  clean  and  free  from  accumulations  of  rubbish  or  any 
inflammable  material  which  may  become  oil  soaked. 

MISCBLLANBDUS   DEVICES 

Panel  Boards  and  Cabinets.  Panel  boards  are  distributing 
boards,  or  switchboards  from  which  the  branch  circuits  are  led  off 
from  the  mains.  They  must  have  slate  bases  on  which  are  mounted 
the  necessary  bus  bars,  switches  and  fuses.  A  very  great  variety 
of  panels  is  made,  the  arrangement  of  parts  in  a  few  patterns 
being  shown  in  Fig.  148,  while  a  complete  panel  set  in  a  steel 
cabinet  is  shown  in  Fig.  149.  Fig.  150  shows  the  wiring  channel 
often  provided  and  a  cabinet  with  wood  door  and  trim.  The 
panel  base  and  the  two  partitions  shown  in  the  section  drawing 
are  of  slate  and  all  other  interior  surfaces  of  the  cabinet  including 
the  door  should  be  lined  with  sheet  steel. 

Wood  cabinets  should  not  be  used  on  conduit,  armored 
cables,  or  metal  molding  systems  of  wiring  as  they  do  not  form  a 
metallic  connection  between  parts  of  the  system  and  any  attempt 
to  overcome  this  by  bonding  around  the  box  by  wire  is  not  liable 
to  result  in  a  good  job.  Metal  cabinets  are  preferable  in  all  cases 
except  possibly  in  very  damp  locations  where  they  are  liable  to 
rust  rapidly.  All  cabinets  whether  for  panels  or  for  individual 
switches  or  cut-outs  should  be  thoroughly  dust  tight  and  fitted  with 
tightly-closing  doors.  No  metal  thinner  than  No.  16  U.  S.  Metal 
Gauge  should  be  used  and  heavier  metal  is  necessary  for  all  but  the 
smaller  sizes  of  box  to  secure  the  requisite  stiffness  and  durability. 
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Sockets  and  Receptacles.  The  almost  endless  variety  of  these 
fittings  may  be  classified  in  various  ways,  as  for  dry  or  for  wet  places; 
key  and  keyless  types;  brass  shell  or  porcelain  types;  conduit  boxes; 
molding  signs;  miniature  and  candelabra  sockets  and  receptacles, 
etc.    All  standard  sockets  and  receptacles  are  now  made  with  what 


are  calle<l  Edison  scTcw-shellH  into  which  the  base  of  the  incandescent 
lamp  is  screwed,  the  shrll  l>eing  connected  in  the  socket  to  one  of  the 
lead  wires  and  the  center  contact  to  the  other  lead  wire.  In  all  types 
the  design  of  the  socket  or  receptacle  whoiild  be  such  that  when  a 
lamp  is  inserted  there  will  l)c  no  C'urreiit-carr\ing  part  of  the  lamp 
base  exp(»sed.  Tliis  calls  for  a  minimum  deptli  of  the  socket  of  tt 
inch  and  sockets  and  receptacles  which  do  not  have  such  depth  should 
not  be  used.    Sockets  and  receptacles  were  formerly  rated  in  candle- 
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power  of  the  lamps  designed  for  them  or  in  amperes  and  volts  but  the 
introduction  of  the  newer  high-eflBciency  lamps  such  as  the  tungsten 
and  nitn^n-filled  lamps  has  rendered  this  method  of  rating  inap- 
plicable. All  key  or  pull  sockets  and  receptacles  of  standard  types 
are  now  rated  250  watts  250  volts,  or  660  watts  250  volts,  with  the 
added  stipulation  that  this  rating  shall  not  be  interpreted  as  per- 
mitting the  use  at  any  voltage  of  current  above  2i  amperes,  or  6 
amperes,  respectively. 

Keyless  sockets  and  receptacles  of  standard  types  are  rated 
660  watts,  250  volts,  but  not  over  6  amperes  at  any  voltage. 

Miniature  and  candelabra  sockets  are  rated  75  watts,  125  volts. 

The  new  so-called  "Mogul"  sockets  are  rated  at  1500  watts 
250  volts  and  are  for  the  larger  sizes  of  lamps. 
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Weatherproof  sockets  having  no  exposed  current-carrj'ing  parts 
may  be  rated  660  watts,  600  volts,  and  thus  may  be  used  in  series 
on  600-volt  circuits. 
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The  most  common  abuse  of  sockets  is  to  employ  them  as  out- 
lets for  currents  far  in  excess  of  what  they  or  the  wiring  immediately 
connected  to  them  should  carry  and  the  above  limits  should  be 
rigidly  adhered  to.  The  assigned  ratings  do  not  imply  that  the  full 
power  can  be  taken  from  each  and  every  socket  on  a  circuit  at  once. 
Thus  twelve  carbon  16  c.  p.  lamps  in  sockets  may  take  6  amperes 
on  a  1 10-volt  circuit  and  be  fused  with  6-ampere  fuses.  At  250  watts 
per  socket,  twelve  sockets  will  take  3,000  watts  which,  at  110  volts, 
is  over  27  amperes,  an  amount  of  power  forbidden  by  the  rules 
limiting  lighting  branch  circuits  to  660  watts  and  a  current  mani- 
festiy  too  large  for  the  No.  14  wire  which  would  usually  be  used  on 
such  a  circuit.  The  ratings  250  watts,  250  volts,  for  key  sockets,  and 
600  watts,  250  volts,  for  kejless  sockets,  are  intended  to  express  the 
maximum  safe  carrying  capacity  of  each  socket  or  receptacle  alone 
and  do  not  warrant  employing  them  in  the  manner  indicated  above, 
which  would  seriouslj'  o\'erload  ordinary  circuits. 


■»  of  Fuacd  aod  L'niusrd  RosetWs 

Rosettes.  These  de\icos  are  usually  of  porcelain  and  provide 
n  means  of  connecting  flexible  oor<ls  to  the  main  or  branch  circuits, 
Ty|H>s  nrc  made  either  with  or  without  small  link  fuses  in  the  base 
but  the  unfusiHl  ty]H'  is  ninch  to  I>e  preferred  and  should  be  used 
cxi'lusively  in  goiuTiil  work  >incc  the  use  of  link  fuses  in  porcelain 
fittiupi  is  undt'siriible  Ixciuise  of  the  ]x>ssible  results  following  a  short- 
circuit  Mowing  the  fuses  violently.  It  is  much  better  to  place  all 
fuses  Jit  distribution  ivritcrs.  suoh  :is  panel  lH>ards,  and  by  keeping 
the  fuses  of  proper  ciipainty.  deiM-nd  on  them  for  protection  rather 
lh;ni  on  fusl■^  Miittereil  alH'Ut  in  fittin.gs.  nisettes,  etc.  Fig.  151 
show-  i-oiinuon  iviv-  of  fusi^l  and  nnfnsi>l  msettes. 
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Bell-Ringing  Transformers.  Within  the  last  few  years  small 
transformers  have  been  brought  out  designed  for  the  purpose  of 
ringing  door  belb  or  for  other  light  signaling  work,  deriving  their 
powCT  for  such  service  directly  from  alternating-current  lighting 
drcuits  in  houses.  They  take  the  form  of  small,  totally  enclosed 
transformers  with  two  very  thoroughly  insulated  coils,  the  primary 
coil  to  be  connected  directly  across  an  alternating  circuit  and  the 
secondary  to  be  connected  to  the  bell  circuit  as  shown  in  Fig.  152. 

The  push  button  is,  of  course,  usually  open  so  that  no  current 
Sows  over  the  bell  circuit.  When  the  button  is  pushed  a  current  of 
low  volti^  (10  to  20  volts)  and  small  ampere  capacity  (not  over  2 
amperes)  flows  over  the  secondary  or  bell  circuit,  the  power  being 
derived  from  the  primary  winding  connected  to  the  alternating- 
current  line  as  in  the  case  of  any  transformer.  Absolutely  no  de- 
pendence can  be  put  upon  the  insulation  of  the  bell  circuit  which  is 
often  of  cotton  -  covered  paraffined  wire  (annunciator  wire)  in- 
stalled in  the  most  unreliable  manner  and  the  bells  and  push  buttons 
are  not  designed  for  anything  but  very  low  voltage  currents.    It  is. 
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Fig.  152.     DiBgcam  of  Simple  TrHnsfocmer  Circuit 

therefore,  imperative  that  the  design  and  construction  and  insula>- 
tion  of  the  transformer  be  such  that  under  no  conditions,  either  of 
service  or  from  an  accident,  can  the  110-voit  current  act  directly  on 
the  bell  circuit.  Furthermore,  the  design  of  the  transformer  must 
be  such  that  even  if  the  push  button  be  left  closed  or  the  bell  wires 
become  short-circuited  only  a  very  small  current  will  flow  over  the 
bell  wiring.  In  approved  bell-ringing  transformers  both  these  results 
are  secured  with  reasonable  safety. 

Heating  Devices.  The  rapid  introduction  of  all  sorts  of  electric 
heating  devices  for  domestic  and  industrial  use  has  brought  with  it 
a  special  hazard  which  it  is  peculiarly  difficult  to  control.     These 
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devices  are  useful  only  as  they  are  capable  of  developing  a  consider- 
able heat  in  a  short  time.  The  normal  use,  of  course,  tends  to  draw 
away  the  heat  and  thus  prevent  a  dangerously  high  temperature 
being  reached,  but  if  these  devices  are  left  connected  to  the  circuit 
and  unused,  many  of  them  will  reach  a  dull  red  heat  and  may  thus 
become  a  serious  fire  hazard.  This  is  true  of  electric  flatirons  espe- 
cially and  also  of  many  cooking  utensils  and  other  apparatus  iar 
domestic  or  light  factory  use.  It  is  evident,  therefore,  that  all  such 
heating  appliances  should  be  made  wholly  of  non-combustible  ma- 
terial and,  so  far  as  their  use  will  permit,  be  fitted  with  legs,  guards, 
or  other  parts  which  will  keep  the  heated  parts  well  separated  from 
walls,  floors,  tables,  etc. 

Stationary  heating  devices  should  be  installed  only  when  every 
precaution  has  been  taken  and  the  fact  that  perhaps  only  a  low 
temperature  will  be  produced  by  the  proper  and  normal  operation  of 
the  heater  shoulij  not  be  ma<Ie  an  excuse  for  omitting  any  of  the 
■  precautions  that  would  be  taken  for  the  higher  temperatures  which 
may  easily  result  from  accident  or  misuse.  There  should  be  ample 
air  spaces  and  proper  protection  of  adjacent  surfaces  by  asbestos 
board  and  metal  sheathing.  In  general  all  electric  heating  devices 
must  be  installe<i  and  used  as  possible  sources  of  great  heat. 

Portable  heating  devices  are  not  easily  protected  from  misuse 
or  accident.  The  chief  protection  against  fires  from  such  appliances 
appears  to  <lepeiid  upon  the  original  excellence  of  design  and  con- 
struction of  the  devices  themselves,  the  fact  that  many  of  them 
employ  hut  a  small  amount  of  energy,  and,  finally,  upon  a  slowly 
growing  appreciation  by  users  and  the  public  generally,  that  elec- 
trically-heated a])pliances,  while  usuallj-  fairly  safe,  if  properly  used, 
may  very  rcadilj'  liecomo  dangerous  if  abused  or  improperly  used. 

Electric  Gas  Lighters.  A  battery,  s])ark  coil,  and  similar 
appliances  are  often  used  fi>r  the  pnri«)se  of  lighting  the  gas  on  gas 
fixtures  without  the  use  of  matches.  lu  such  installations  the  wires 
from  the  battery  and  coil  arc  leii  to  tlic  fixtures  in  any  convenient 
manner  and  on  the  fixtures  thcinsclv<'s  small  wires  are  carried  down 
the  outside  of  fixture  stems  jin<l  jirnis  to  the  burners.  The  Hue  wires 
are  not  insulated  or  instjilled  in  a  niaiuier  comparable  as  to  safety 
with  electric  light  wires,  and  on  the  fixtures  the  insulation  is  espe- 
cially weak  anil  cxjiosed  t<i  injury.    It  is,  therefore,  evident  that  such 
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gas-lighting  systems  should  nev^  be  installed  on  the  same  fixture 
with  electric  lights,  since  a  breakdown  is  very  liable  to  permit  the 
electric-light  current  to  pass  over  the  gas-lighting  wires  and  cauae 
a  fire  at  some  point  perhaps  concealed  in  a  partition,  either  from  over- 
heating the  small  wires  or  from  arcing  to  other  wires  or  to  grounded 
metal  piping. 

Marine  Woilc  The  Code  conttuns  special  rules  governii^  the 
installation  of  electric  light  and  power  wires  and  apparatus  on  ship- 
board. These  differ  froln  the  standard  rules  in  only  a  few  partic- 
ulars, as  indicated  by  the  need  of  special  care  to  provide  against 
the  effects  of  constant  and  severe  vibration,  dampness  and  extreme 
hard  usage  to  which  marine  installations  are  always  subjected. 
The  provisions  of  the  Code  should  be  referred  to  in  detail  by  those 
who  are  called  upou  to  install  or  inspect  work  of  this  special  type. 
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HISTORY  AND  DEVELOPMENT 

The  history  of  electric  lighting  as  a  commercial  proposition  begins 
with  the  invention  of  the  Gramme  dj'namo  by  Z.  J.  Gramme,  in 
1870,  together  with  the  introduction  of  the  Jablochkoff  candle  or 
light,  which  was  first  announced  to  the  public  in  1876,  and  which 
formed  a  feature  of  the  International  Exposition  at  Paris  in  1878. 
Up  to  this  time,  the  electric  light  was  known  to  but  few  investigators, 
one  of  the  earliest  being  Sir  Humphrey  Davy  who,  in  1810,  produced 
the  first  arc  of  any  great  magnitude.  It  was  then  called  the  voltaic 
arc,  and  resulted  from  the  use  of  two  wood  charcoal  pencils  as  elec- 
trodes and  a  powerful  battery  of  voltaic  cells  as  a  source  of  current. 

From  1840  to  1859,  many  patents  were  taken  out  on  arc  lamps, 
most  of  them  operated  by  clockwork,  but  these  were  not  successful, 
due  chiefly  to  the  lack  of  a  suitable  source  of  current,  since  all  de- 
pended on  primary  cells  for  their  power.  The  interest  in  this  form 
of  light  died  down  about  1859,  and  nothing  further  was  attempted 
until  the  advent  of  the  Gramme  dynamo. 

The  incandescent  lamp  was  but  a  piece  of  laboratory  apparatus 
up  to  1878,  at  which  time  Edison  produced  a  lamp  using  a  platinum 
spiral  in  a  vacuum,  as  a  source  of  light,  the  platinum  being  rendered 
incandescent  by  the  passage  of  an  electric  current  through  it.  The 
first  successful  carbon  filament  was  made  in  1879,  this  filament  being 
formed  from  strips  of  bamboo.  The  names  of  Edison  and  Swan  are 
intimately  connected  with  these  early  experiments. 

From  this  time  on,  the  development  of  electric  lighting  has  been 
verj'  rapid  and  the  consumption  of  incandescent  lamps  alone  has 
reached  several  millions  each  year.  When  we  compare  the  small 
amount  of  lighting  done  by  means  of  electricity  twenty-five  jears  ago 
with  the  enormous  extent  of  lighting  systems  and  the  numerous 
applications  of  electric  illumination  as  they  are  today,  the  growth 
and  development  of  the  art  is  seen  to  be  very  great  and  the  value  of 
a  study  of  this  subject  may  be  readily  appreciated.     Electricity  may 
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not  always  furnish  the  cheapest  light,  but  its  admirable  qualities 
aod  its  convenience  of  operation  make  it  by  far  the  most  desirable. 

CLASSIFICATION 

The  subject  of  electric  lighting  may  be  classified  as  follows: 

(1)  The  type  of  lampa  used. 

(2)  The  methods  of  distributing  power  to  the  lamps. 

(3)  The  use  made  of  the  light  or  it«  application. 

(4)  Photometry  and  lamp  testing. 

The  types  of  lamps  used  may  be  subdivided  into : 

(1)  Incandescent  lamps:  carbon  and  metallic  filament. 

(2)  Special  lamps:  exhausted  bulb  without  filament,  such  aa  the  Cooper- 
Hewitt  lamp  and  the  Moore  tube  lamp. 

(3)  Arc  lamps:  ordinary  carbon  luid  flaming  arc. 


INCANDESCENT  LAMPS 

Historical.  The  incandescent  lamp  is  by  far  the  most  common 
type  of  lamp  used  and  the  principle  of  its  operation  is  as  follows : 

If  a  current  of  /  amperes  is  sent  through  a  conductor  whose 
resistance  is  R  ohms  for  a  time  t  seconds,  the  conductor  is  heated, 
the  heat  generated  being  expressed  in  joules  or  watt-seconds  thus: 
Heat  generated  =  PR  t 

If  the  current,  material,  and  conditions  are  so  chosen  that  the 
substance  may  be  heated  in  this  way  until  it  gives  out  light,  i.  e., 
becomes  incandescent  and  dtms  not  deteriorate  too  rapidly,  we  have 
an  incandescent  lamp.  Carbon  was  the  first  successful  material  to 
be  chosen  for  this  conductor  and  for  a  long  time  all  attempts  to  sub- 
stitute another  substance  in  place  of  carbon  failed.  Within  the  last 
few  years  metallic  filament  lamps  have  been  introduced  commercially 
with  great  success  and  the  carbon  incandescent  lamp  is  now  only 
used  for  special  purposes  sucli  as  in  the  case  of  very  low  candle- 
power  units  operated  at  commercial  voltages. 

Tungsten  lamps  are  now  used  in  the  majority  of  cases  and  these 
and  other  types  which  have  proved  entirely  or  partially  successful 
will  be  treated  later.  The  present  form  of  carbon  incandescent 
lamp  has,  however,  been  much  improved  over  the  first  forms  and, 
owiig  to  the  historical  importance  of  this  lamp,  the  method  of  manu- 
facture will  be  briefly  considered. 
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CARBON  FILAMENT  LAMPS 
ORDINARY  TYPE 

Method  of  Manufacture.  Preparation  of  the  Filament.  Cellu- 
lose, a  chemical  compound  rich  in  carbon,  is  prepared  by  treating 
absorbent  cotton  with  zinc  chloride  in  proper  proportions  to  form  a 
uniform  gelatine-like  mass.  This  material  is  then  forced,  "squirted", 
through  steel  dies  into  alcohol,  the  alcohol  serving  to  harden  the  soft 
transparent  threads,  which  are  then  dried,  cut  to  the  desired  lengths, 
wound  on  forms,  and  carbonized  by  heating  to  a  high  temperature 
away  from  air.  During  carbonization,  the  material  becomes  hard 
and  stiff,  assuming  a  permanent  form;  after  cooling,  the  filaments 
are  removed,  measured,  and  inspected. 

Mounting  the  Filavient.  After  carbonization,  the  filaments 
are  mounted  or  joined  to  wires  leading  into  the  globe  or  bulb.  Theee 
wires  are  made  of  platinum — platinum  being  the  only  conductor,  so 
far  as  known,  that  expands  and  contracts  the  same  as  glass  with 
change  in  temperature  and  which,  at  the  same  time,  will  not  he  melted 
by  the  heat  developed  in  the  carbon.  Since  the  bulb  must  remain 
air-tight,  a  substance  expanding  at  a  different  rate  from  the  glass 
cannot  be  used.  The  filament  is  fastened  to  the  leading-in  wires  by 
means  of  the  pasted  Joint.  Finely  powdered  carbon  is  mixed  with 
some  adhesive  compound  such  as  molasses,  and  this  mixture  is  used 
as  a  paste  tor  fastening  the  carbon  to  the  platinum.  Later,  when 
current  is  sent  through  the  joint,  the  volatile  matter  is  driven  off 
and  only  the  carbon  remains.  This  makes  a  cheap  and,  at  the  same 
time,  a  very  efficient  joint. 

Flashing.  Filaments,  prepared  and  mounted  in  the  manner 
just  described,  are  fairly  uniform  in  resistance,  but  it  has  been  found 
that  their  quality  may  be  much  improved  and  their  resistance  very 
closely  regulated  by  depositing  a  layer  of  carbon  on  the  outside  of  the 
filament  by  the  process  of  flashing,  i.  e,,  heating  the  filament  to  a 
high  temperature  in  a  hydrocarbon  gas,  such  as  gasoline  vapor, 
under  partial  vacuum.  Current  is  passed  through  the  filament  to 
accomplish  the  heating.    The  effects  of  Hashing  are  as  follows: 

(1)  The  diameter  of  the  filament  is  incrcuscd  by  the  deposited  carbon 
and  hence  its  resistance  is  decreased.  The  process  must  be  discontinued  when 
the  desired  resistance  ia  reached.    Any  Uttle  irregularities  in  the  fihiment  will 
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be  eliminated  since  the  smaUer  Rortiona,  having  (he  greater  resistance,  become 
hotter  than  the  remainder  of  the  filament  and  the  carbon  is  deposited  more 
rapidly  at  these  points, 

(2)  The  suL'fac-o  is  changed  from  a  dull  black  and  comparatively  soft 
coating  to  a  bright  gray  and  much  harder  one,  and  which  increases  the  lite  and 
cffidency  of  the  filament. 

Exkavsting  the  Bulb.  After  flashing,  the  filament  is  sealed  in 
the  bulb  and  tlie  air  exhausted  through  the  tube  A  in  Fig.  1,  which 
shows  the  lamp  in  different  stages  of  its  manufacture.  The  ex- 
haustion is  ac-c-omplished  hy  means  of  mechanical  air  pumps,  supple- 
mented by  Sprengle  or  mercury  pumps  and  chemicals.  Since  the 
degree  of  exhaustion  must  be 
high,  the  bulb  should  be 
heated  during  the  process  so 
as  to  drive  off  any  gas  which 
may  cling  to  the  glass.  Ex- 
haustion is  necessary  for  sev- 
eral reasons: 

<1)  To  avoid  oxidization  of 
the  filament. 

(2)  To  reduce  the  heat  con- 
veyed to  the  globe. 

(H)  To  prevent  wear  on  the 
filnniont  due  to  currents  or  eddiee 
in  the  gas. 

After  exliausting,  the  tube 

is  sealed  oft  and  the   lamp 

completed  for  testing  by  at- 

f  an     tacliiiig  the  base  by  means  of 

plaster  of  Paris. 
Incandescent  lamps  of  the  carbon 
type  vary  in  si/t-  from  the  miniature  battery  and  candelabra  lamps 
to  those  of  several  Innidrcd  candle-power,  though  the  latter  are  very 
seldom  used.  The  more  common  \'alues  for  the  candle-power  are 
8,  Ifi,  2'i,  3l2,  and  "it),  the  choice  of  candle-power  depending  on  the 
use  to  be  made  of  the  lamp. 

The  voltage  will  vary,  depending  on  the  method  of  distribution 
of  the  power.  For  wliat  is  known  as  "parallel  distribution",  110  or 
220  volts  are  generally  used.  For  the  higher  values  of  the  voltage, 
long  and  slender  filaments  must  be  used,  it  tlie  candle-power  is  to  be 


Voltage  and  Candle^Power. 
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low;  and  lamps  of  less  than  IC  candle-power  for  220-volt  circuits  are 
not  practical,  owing  to  difficulty  in  manufacture.  For  series  dis- 
tribution, a  low  voltage  and  higher  current  is  used;  lieiice  the  fila- 
ments may  be  somewhat  heavy.  Battery  lamps  operate  on  from  4 
to  24  volts,  but  the  vast  majority  of  lamps  for  general  illumination 
are  operated  at  110  volts,  or  thereabouts. 

Efficiency.  By  the  efficiency  of  an  incandescent  lamp  is  meant 
the  power  required  at  the  lamp  terminals  per  candle-power  of  light 
given.  Thus,  if  a  lamp  giving  an  average  horizontal  candle-power 
of  16  consumes  |  an  ampere  at  112  volts,  the  total  number  of  watts 
consumed  will  be  112x^  =  56,  and  the  watts  per  candle-power 
will  be  56  -^  16  =  3,5.  The  efficiency  of  such  a  lamp  is  said  to  be 
3.5  watts  per  candle-power,  or  simply  watts  per  candle.  Watts 
economy  is  sometimes  used  for  efficiency. 

The  efficiency  of  a  lamp  depends  on  the  temperature  at  which 
the  filament  is  run.    In  the  ordinary  lamp  this  temperature  is 


between  1280°  and  1330°  centlgraile,  and  the  curve  in  Fig.  2  shows 
the  increase  of  efficiency  with  the  increase  of  temperature.  The 
temperature  attained  by  a  filament  depends  on  the  rate  at  which 
heat  is  radiated  and  the  amount  of  power  supplied.  The  rate  of 
radiation  of  heat  is  proportional  to  the  area  of  the  filament,  the 
elevation  in  temperature,  and  the  emissivity  of  the  surface. 

By  emissivity  is  meant  the  number  of  heat  units  emitted  from 
unit  surface  per  degree  rise  in  temperature  above  that  of  surrounding 
bodies.  The  bright  surface  of  a  flashed  filament  has  a  lower  emis- 
sivity than  the  dull  surface  of  an  unheated  filament;  hence  less 
energy  is  lost  in  heat  radiation  and  the  efficiency  of  the  filament  is 
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'As  soon  as  incandescence  is  reachctl,  the  illumination  increases 
much  more  rapidly  than  the  emission  of  heat;  hence  the  increase  in 
efficiency  shown  in  Fig,  2.  Were  it  not  for  the  rapid  disintegration 
of  the  ordinary  carbon  filament  at  high  temperature,  an  efficiency 
higher  than  3.1  watts  could  be  obtained.  By  a  special  treatment  of 
the  carbon  filaments,  the  nature  of  the  carbon  is  so  changed  that 
the  filaments  may  be  run  at  a  higher  temperature  and  the  lamps 
may  still  have  a  life  comparable  to  that  of  the  3.1-watt  lamp.  Lamps 
using  these  special  carbon  filaments  are  known  as  "gem  metallized 


mi 


Fig.  3.    Curvou  nl  UfSdcDcy  uid  Ljfc  of  CurboD  FilamCDt  Lamp 

filament  lamps",  or  merely  us  "gem  lamps",  and  they  will  be  described 
more  fully  Inter. 

Relation  of  Life  to  Efficiency.  Hy  the  useful  life  of  a  lamp  is 
meant  the  length  of  time  a  lump  will  burn  before  its  candle-power 
has  decrcase<l  to  such  an  extent  that  it  would  be  more  economical  to 
replace  the  lamp  with  a  new  one  than  to  continue  to  use  it  at  its 
decreased  ^■alue.  A  decrease  to  SO  per  cent  of  the  initial  candle- 
power  of  carbon  lumps  is  now  taken  as  the  point  at  which  a  lamp 
should  be  replaced  and  the  normal  life  of  ii  lamp  is  m  the  neighbor- 
hooil  of  8(H)  hours.  The  cur\  es  in  Fig.  '.i  show  the  relation  between 
voltage,  candle-power,  efficiency,  and  life  for  the  ordinary  carbon 
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lamp.  These  curves  show  that  a  3  per  cent  increase  oF  voltage  on 
the  lamp  reduces  the  life  by  one-half,  while  an  increase  of  6  per  cent 
causes  the  useful  life  to  fall  to  one-third  its  normal  value.  The 
effect  is  even  greater  when  3.1  watt  lamps  are  used,  but  not  so  great 
with  4-watt  lamps.  From  this  we  see  that  the  regulation  of  the 
voltage  used  on  the  system  must  be  very  good  if  high  efBciency 
lamps  are  to  be  used,  and  this  regulation  will  determine  the  efficiency 
of  the  lamp  to  be  installed. 

Lamps  should  always  be  renewed  at  the  end  of  their  useful  life — 
this  point  being  termed  the  "smashing  point" — as  it  is  cheaper  to 
replace  the  lamp  than  to  run  it  at  the  reduced  candle-power.  Some 
recommend  running  these  lamps  at  a  higher  voltage,  but  that  means 
at  a  reduced  life,  and  it  is  not  good  practice  to  do  this. 

Fig.  4  shows  the  life  curves  of  a  series  of  carbon  incandescent 
lamps.  These  curves  show  that  there  is  an  increase  in  the  candle- 
power  of  some  of  the  lamps  during  the  first  100  hours,  followed  by 


a  period  during  which  the  value  is  fairly  constant,  after  which  the 
light  given  by  the  lamp  is  gradually  reduced  to  about  80  per  cent 
of  the  initial  candle-power. 

OEM  METALLIZED  FILAMENT  TVPE 
Nature  of  Improvement.  When  the  incandescent  lamp  was 
first  well  established  commercially,  tlie  useful  life  of  a  unit,  when 
operated  at  3. 1  watts  per  candle,  was  almut  200  hours.  The  improve- 
ments in  the  process  of  manufacture  have  been  continuous  from 
that  time  until  now  and  the  useful  life  of  a  lamp,  operated  at  that 
efficiency  t()-day,  is  in  the  neighborhood  of  500  hours,  ExpiTiments 
in  the  treatment  of  the  carbon  filament  have  led  to  the  introduction 
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^^^VM  i<mc>.Hcr 

LOW  ErnC.K.TT 

'""- 

W,P.C. 

liS^ 

W.P.C. 
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W.P.C.        To^njfe 
in  Hours 

40 
50 
CO 
80 
100 

2.  .-Hi 
2.50 
2.50 
2.4fi 
2.4fl 

COO 
700 
700 
700 
(150 

2.71 
2.6.^ 
2,6.') 
2.60 
2.60 

900 
1000 
1000 
1000 

950 

2-89 

2,81 
2.81 

2,78 
2-78 

1300 
1500 
1500 
1.500 
1400 

of  the  gem  metallized  filament  lamp.  This  lamp  should  not  be  con- 
fused with  the  metallic  filament  lamps,  to  be  described  later, 
because  the  material  used  is  carbon,  not  a  metal.  As  a  result  of 
special  treatment  the  carbon  filament  assumes  many  of  the  cbarac- 
teri.stics  of  a  metidlic  t'onductor,  henee  the  terra  "metallized  filament". 
The  word  "graph it ized"  has  been  proposed  in  place  of  metallized. 

Preparation  of  Filamenl.  When  a  filament,  as  treated  in  the 
ordinary  manner,  is  run  at  a  high  temperature  in  a  lamp,  there  is 
no  improvement  of  the  filament,  but  it  was  discovered  that  if  the 
treated  filaments  were  subjected  to  the  extremely  high  temperature 
of  the  electric  resistance  furnace — 3000  to  3700  degrees  centigrade — 
at  atmospheric  pressure,  the  physical  nature  of  the  carbon  was 
changed  and  the  resulting  filament  could  be  operated  at  a  higher 
temperature  in  the  lamp  and  a  higher  efficiency,  and  still  maintain  a 
life  comparable  to  that  of  a  3.1-watt  lamp.  This  special  heating  of 
t!ie  filament,  winch  is  applied  to  the  base  filament  before  it  is  flashed, 
as  well  as  to  tlie  treateil  filament,  causes  the  cold  resistance  of  the 
carbon  to  be  very  materially  decreased  and  the  filament,  as  used 
in  the  lamp,  has  a  positive  temperature  coefficient — rise  in  resistance 
with  rise  in  temperature — a  desirable  feature  from  the  standpoint 
of  voltafje  regulation  of  the  circuit  from  which  the  lamps  are  oper- 
ated. The  high  temperature  also  results  in  the  driving  off  of  con- 
siderable of  the  material  whicli,  in  the  ordinary  lamp,  causes  the 
globe  to  blacken  after  the  lamp  has  been  in  use  for  some  time.  The 
blackening  of  the  bulb  is  responsible  to  a  considerable  degree  for 
the  decrease  in  candle-power  of  the  incandescent  lamp.    The  metal- 
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Hzed  filament  lamp  is  operated  at  an  efficiency  of  2.5  watts  per 
candle  with  a  useful  life  of  about  700  hours.  The  change  in  candle- 
power  with  the  change  in  voltage  is  less  than  in  the  ordinary  lamp 
on  account  of  the  positive  temperature  coefficient  of  the  filament. 
These  lamps  are  not  manufactured  for  very  low  candle-powers, 
owing  to  the  difficulty  of  treating  very  slender  filaments,  but  they 
are  made  in  sizes  consuming  from  40  to  250  watts.  Table  I  gives 
some  useful  information  in  connection  with  metallized  filament 
lamps.  The  filaments  are  made  in  a  variety  of  shapes  and  the  dis- 
tribution curves  are  usually  modified  in  practice  by  the  use  of 
shades  and  reflectors.  The  general  appearance  of  the  lamp  does 
not  differ  from  that  of  the  ordinary  carbon  lamp. 


METALLIC  FILAMENT  LAMPS 

TANTALUM   TYPE 
Nature  of  Filament.    The  first  of  the  metallic  filament  lamps  to 
be  introduced  to  any  considerable  extent  commercially  was  the  tan- 
talum lamp.     Dr.  Bolton  of  the  Siemens  

&  Halske  Company  first  disco^■e^ed  the 
Aethods  of  obtaining  the  pure  metal 
tantalum.  This  metal  is  rendered  ductile 
and  drawn  into  slender  filaments  for 
incandescent  lamps.  Tantalum  has  a 
high  tensile  strength  and  a  high  melting 
point,  and  tantalum  filaments  are  oper- 
ated at  temperatures  much  higher  than 
those  used  with  the  carbon  filament 
lamp.  On  account  of  the  comparatively 
low  specific  resistance  of  this  material 
the  filaments  for  110-voIt  lamps  must 
be  long  and  slender,  and  this  necessitates 
a   special  form  of  support.    Figs.  5,  6, 

and  7  show  some  interesting  views  of  the  tantalum  lamp  and  the 
filament.  This  lamp  is  operated  at  the  efficiency  of  2  watts  per 
candle-power,  with  a  life  comparable  to  that  of  the  ordinary  lamp. 
By  special  treatment  it  is  possible  to  increase  the  resistance  of  the 
filaments  so  that  they  may  be  shorter  and  heavier  than  those  used 
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in  the  first  of  the  tantalum  lamps.  It  should  be  noted  that  the 
life  of  this  type  of  lamp  on  alternating-current  circuits  is  somewhat 
uncertain;  it  is  much  more  satis- 
factory for  operation  on  direct- 
current  circuits. 


TUNGSTEN  VACUUM   TYPE 
Early  Methods  of  Preparing 
Filament.  Following  closely  upon 

Fig.  0.    Tanlslum  FiUmrnt  Before  and  After      the  development  of  the  taUtalum 

one-Thouaaud  Hours  um  lamp   Came  the  tungstcu  lamp. 

Tungsten  possesses  a  \ery  high  melting  point.  An  indirect  method 
was  originally  employetl  in  forming  filaments  for  incandescent  lamps 
and  there  were  several  of  these  methods  in  use.  In  one  method  a 
fine  carbon   filament  was  flashed   in   an  atmosphere  of  tungsten 


oxyehloride  mixed  with  just  the  proper  proportion  of  hydrogen,  in 
which  case  the  filament  grailually  (-banged  to  one  of  tunsgten.  A 
second  method  consisted  of  tlic  use  of  powdered  tungsten  and  some 
binding  material,  sinnetimes  organic  and  in  other  cases  metallic. 
The  powdered  tungsten  was  mixed  with  the  binding  material,  the 
paste  squirted  into  filaments,  and  the  binding  material  was  then 
expelled,  usually'  by  the  aiil  of  heaf.     Another  method  of  mianu- 
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facture  consisted  of  securing  tungsten  in  colloidal  form,  squirting  it 
into  filaments,  and  then  changing  them  to  the  metallic  form  by 
passing  electric  current  through  them. 

Difficulties  in  Providing  Required  Durability.  Tungsten  lamps, 
as  formed  by  any  of  the  above  or  similar  processes,  are  extremely 
fragile,  especially*  when  cold,  and  the  tungsten  lamps  in  their  early 
forms  required  very  careful  packing  for  shipment;  were  easily 
broken  in  ordinary  service;  could  not  be  used  satisfactorily  where 
there  was  appreciable  vibration;  and  there  was  a  considerable  re- 
duction in  candle-power  with  use,  due  to  the  blackening  of  the  bulb. 
The  first  commercial  tungsten  lamps  were  produced  in  1907,  or 
thereabouts,  and  the  development  of  the  lamp  has  been  continuous 
since  that  time.  An  efficiency  of  about  1.25  watts  per  candle-power 
was  early  realized  for  lamps  of  100  watts  rating  or  higher,  and 
lamps  consuming  40  and  60  watts  were  early  available.  In  1911  a 
process  was  de^■eloped  for  preparing  tungsten  in  ductile  form  and 
wiredrawn  filaments  were  made.  These  filaments  proved  to  be 
much  stronger  than  the  filaments  prepared  by  other  processes  but 
still  further  development  has  made  the  present  wiredrawn  fila- 
ments as  much  more  rugged  than  the  first  drawn  filaments  as  these 
were  stronger  than  the  filaments  made  by  other  processes- 
Wiredrawn  Filaments.  In  the  first  stages  of  de\elopment,  wire- 
drawn filaments  were  prepared  only  with  the  very  greatest  difficulty 
but  the  wire  can  now  be  produced  in  any  desired  length  and  very 
uniform  in  cross  section.  The  material  for  the  filaments  comes  to 
the  filament  factory  in  the  form  of  a  concentrated  tungsten  ore 
from  which  tun'gstic  oxide  is  obtained.  This  oxide  is  reduced  by  a 
special  process  requiring  the  agencj'  of  an  electric  furnace  to  pro- 
duce tungsten  metal  in  a  powdered  form.  This  tungsten  metal  is  com- 
pressed into  ingots  about  6  inches  long  by  one-fourth  of  an  inch  square 
and  again  heat-treated  in  an  electric  furnace,  the  effect  of  which  treat- 
ment is  to  strengthen  the  ingot  and  make  the  material  a  good  con- 
ductor of  electricity.  The  material  is  then  subjected  to  a  tempera- 
ture near  the  melting  point  in  an  atmosphere  of  hydrogen  and  the 
result  of  this  treatment  is  to  weld  the  tungsten  particles  firmly 
together.  The  ingot  is  then  heated  and  swaged  and  the  process 
repeated  until  it  forms  a  rod  about  .O.'i  inch  in  diameter  and  30  feet 
long.    This  rod  is  hot  drawn  through  special  diamond  dies  and 
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TABLE  II 

Data  on  Standard  Mazda  Lamps 


^£[S^ 

w*™ 

„™..c. 

—  1 

Ra.,. 

Actual 

Ritina 

W.P.C. 

Lumau 
ptr  Watt 

Mud 
Horii'l 

f 

15.0 
14.6 
14.2 

High 

Medium 
Low 

1.30 
1,35 
1.40 

7.54 
7,26 
7,00 

1134 

10.80 
10.15 

9.0 

8.4 
7.8 

20  ] 

20.0 
19.5 
19.0 

High 

Medium 
Low 

1,25 
1.30 
1.34 

7.84 
7,54 
7.31 

16.00 
15.04 
14.20 

12.6 
11.7 
11.1 

25  ] 

25.0 
24.25 
23.6 

High 

M^ium 
Low 

1.17 

1,23 
1.27 

8.38 
8.03 
7.72 

21.38 
19.96 
18.55 

ie.7 

15.6 
14.5 

100 
to 
130 

40  ] 

40.0 

38.9 
37.S 

High 

Medium 

I»w 

1.17 
1,22 
1,27 

8.38 
8.03 
7.72 

34.20 
32.00 
30.00 

26.7 
26.0 
23.4 

60 

60.0 

58.3 
56.6 

High 

Medium 
Low 

1,16 
1.21 
1,26 

8.45 
8.10 

7.78 

51.70 
48.40 
45.00 

40.3 
37.7 
36.1 

100  j 

100.0 
97.2 
94.2 

High 

Medium 

Low 

1.13 

1,18 
1.23 

8.68 
8,30 

7.97 

88.50 
82.40 
77.10 

69.0 
64.2 
60.1 

150 

150,0 
146.0 
142.0 

High 

Milium 

I^w 

1.12 

1,17 
1,22 

8.75 
8.38 
8.03 

134,00 
125,00 
116.00 

104.5 
97.5 
90.5 

-■"  1 

2.W,0 
■J44,» 
23S.0 

High 

Mi-diutii 

Low 

1,00 
1.04 
1.08 

9.80 
9.42 
9.07 

250,00 
234,00 
220.50 

196.0 
182,6 
172.0 

200 
to 
MO 

] 

40 

m 

1      HX) 
1      150 
,      250 

25-0 
40,0 
1)0.0 
100,0 
l.JO.0 
2,50,0 

Piuglc 
Single 
Siiiglf 
Single 
Single 
Single 

1,40 
1,31 
1.31 
1.31 
1,31 

7.05 

7,58 
7.58 
7.58 
7,58 
7.58 

17.90 
30,50 
45.80 
76.40 
114,50 
190.80 

14,1 
24.1 
36,2 
59.8 
90.4 
160,8 

finally  reduwil  ti>  the  desired  size,  the  final  drawhigs  being  made 
at  lower  temperatures  or  eohl.  (Jniphite  is  used  as  a  lubricant 
during  the  process  of  drawing.  Tlit;  filament  of  a  10-watt  110-voIt 
lamp  is  ahout  .(X)075  inch  in  diameter,  a  remarkably  fine  wire.  The 
Imhiui-c  of  the  manufacture  of  the  tungsten  lamp  is  not  unlike  that 
of  the  carbon  incandescent  lamp  already  described. 
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Improvements  over  Carbon  Type.  The  modern  tungsten  lamp, 
in  addition  to  the  increased  mechanical  strength,  shows  improve- 
ments such  as;  the  use  of  a  chemical  in  the  bulb  to  better  the  candle- 
power  maintenance;  a  decrease  in  the  size  of  the  glass  bulb  and  a 
complete  standardization  of  bulb  sizes;  and  the  production  of  special 
forms  of  the  filament,  such  as  the  helical  form. 


tmrlay  of  ^atiojiat  Eteclric  Lam; 


Table  II  gives  useful  data  covering  the  regular  ^.lazda  lamp 
and  Fig,  8  shows  the  appearance  of  these  units. 

In  addition  to  lamps  for  110-  and  220-volt  service  the  tungsten 
lamp  forms  a  very  desirable  type  of  unit  for  scries  systems  of  street 
lighting.  Still  another  field  is  that  of  low-voltage  lamps  for  train 
lighting,  sign  lighting,  automobiles,  etc.,  and  the  tungsten  filament 
is  well  adapted  to  miniature  lamps  which  operate  at  low  voltages. 

In  addition  to  the  higher  efficiency  the  tungsten  lamp  has  still 
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another  advantage  over  the  older  carbon  lamps  in  that  the  variation 
in  candle-power  with  a  change  in'  voltage  is  not  as  great ;  hence  poor 
voltage  regulation  of  the  distribution  system  is  not  so  noticeable 
with  the  tungsten  lamps.  The  curves  in  Fig.  9  show  the  relative 
behavior  of  the  different  types  of  filaments  in  this  respect  and  indi- 
cate decidedly  less  change  in  candle-power  for  a  given  change  in 
voltage  for  the  tungsten  lamp.     Finally  the  light  given  by  the 


tungsten  filament,  as  used  in  the  tungsten  lamp,  is  whiter  than  that 
of  any  of  the  other  filaments  and  heuce  is  more  desirable  for  most 
classes  of  illumination. 

NITROQEN-FILLED  TYPE 
Characteristics  and  Efficiency.    This  lamp,  Fig.  10,  Is  the  final 
word,  at  the  present  time,  in  the  improvement  of  filament  types  of 
incandescent  lamps  and  it  is  a  reitMit  improvement  upon  the  tung- 
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sten  lamp  as  ordinarily  manufactured.  One  of  the  results  of  the  con- 
tinuous research,  which  has  been  carried  on  in  connection  with  incan- 
descent lamps,  has  been  to  show  that  if,  instead  of  containing  a  high 
vacuum,  the  bulb  of  the  tungsten  lamp  is  filled  with  the  inert  { 


fit.  10.    ITDmounted  Nitngen-Filled  Lamp  Showing  Sbort  Helical  Filament 

nitrogen,  at  practically  atmospheric  pressure,  and  the  filament  then 
run  at  a  very  much  higher  temperature  than  had  ordinarily  been  used 
with  the  vacuum  type  of  lamp,  the  efficiency  of  the  lamp  could  be 
improved  and  the  life  of  the  unit  kept  in  the  neighborhood  of  1000 
hours,  the  normal  life  rating  of  the  regular  incandescent  units.  So  far, 
such  lamps  have  been  manufactured  in  very  large  unltsforthestandard 
lighting  circuits,  rated  at  750  and  1000  watts  and  giving  an  efficiency 
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;  Data  covering  Nitrogen-Filled  Mazda  Lamps  for  Street 
Lighting  Service  on  Series  Circuits 


C*K....«.«.« 

.-P.™ 

w.™p„c.™.».pow„ 

80 

6.6 

.71 

100 

6.6 

.70 

250 

6.6 

.68 

400 

600 

6.6 

.66 

80 

7.5 

.71 

250 

7.5 

.6S 

400 

20.0 

.5 

600 

20.0 

.5 

1000 

20,0 

.5 

of  .65  to  .fiO  watts  per  candle-power;  in  sizes  from  80  to  1000  candle- 
power  for  series  lighting  circuits  and  operating  at  efficiencies  of  from 
.71  to  .5  watts  per  candle-power;  and  special  lamps  giving  several 
thousand  candle-power  and  operating  at  about  .5  watts  per  candle- 
power, 

It  is  expected  that  the  development  of  this  type  of  lamp  will 
continue.  At  the  present  time  lamps  are  only  made  with  filaments 
of  comparatively  large  cross  section  or  filaments  in  rather  tightly  coiled 
helixes.  Fig.  10;  otlienvi;ie  the  appearance  of  the  lamp  is  not  different 
from  that  of  the  usual  unit  as  manufac'ture<l  for  high  candle-powers. 

Table  III  gives  tentative  <lata  on  nitrogen -filled  street-lighting 
units  for  series  circuits. 

The  .Just  lamp,  the  Z  lamp,  the  Osrara  lamp,  the  Zircon-Wolfram 
lamp,  the  Osmin  lamp,  etc.,  were  all  tungsten  lamps,  the  filaments 
being  prepared  by  some  of  the  general  methods  already  described,  or 
modifications  of  fheni. 


MISCELLANEOUS  TYPES 

Other  Metallic  Filament  Lamps.  Table  IV  gives  the  melting 
points  of  se\-cr!d  metals  which  are  highly  refractory  and  those  already 
mentioned  are  not  the  oidy  ones  which  have  been  successfully  used 
in  incandescent  lamps.    Titanium,  zirconium,  iridium,  etc.,  have 
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TABLE  IV 
Melting  Point  of  Some  Metals 


Mbtal 

AFFHOJOHiTB  MBLTIMO  PoiHT  IN  DhiheU 
ClNTlOBADi; 

TungBten 
Titanium 

TMtalum 

Oemimn 

Platinum 

Silicon 

Carbon  (not  a  metal) 

3080-3200 
3000 
2900 
2500 

1775 
1500 
1200 
3O0O 

been  successfully  employed,  but  tungsten  lamps  are  the  only  ones 
which  are  used  to  any  extent  in  the  United  States, 

Nemst  Lamp.    The  Nemst  lamp  is  still  another  form  of  incan- 
descent lamp,  one  type  of  which  is  shown  in  Fig.  11.    The  lamp  is  no 
longer  manufactured  but  it  was  used  quite 
extensively  at  one  time  and  a  brief  de- 
scription is  given  here. 

Gtower.  This  lamp  used  for  the 
incandescent  material  certain  oxides  of 
the  rare  earths,  the  oxides  being  mixed 
in  the  form  of  a  paste,  then  squirted 
through  a  die  into  a  string  which  was 
subjected  to  a  roasting  process  forming 
the  filament  or  glou-er  material  of  the 
lamp.  The  more  recent  glowers  were 
made  hollow  instead  of  solid.  The  glow- 
ers were  cut  to  the  desired  length  and 
platinum  terminals  attached.  The  at- 
tachment of  these  terminals  to  the  glow- 
ers was  an  important  process  in  the 
manufacture  of  the  lamp.  The  glowers 
were  heated  to  incandescence  in  open  air, 
a  vacuum  not  being  required. 

Heater.  As  the  glower  is  a  nonconductor  when  cold,  some 
form  of  heater  was  necessary  to  bring  it  up  to  a  temperature  at  which 
it  would  conduct.    One  form  of  heater  consisted  of  a  porcelain  tube 
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plaml  yL-it  aiiti'.f:  the  zl'-ner,  alxjut  which  a  fine  platinum  wire  was 
voiinfl:  the  wire  wa*  iifaieil  with  a  cement.  Two  or  more  of  these 
tui^r^.  were  motiriier!  riire<tly  over  the  slijwer,  «r  dower*,  and  s^ved 
a.-,  a  refi^:*^.fir  a-i  wel!  a,-  a  heater. 

Ty.e  hea'-inz  fie-.i'«  wa-  tifnnettetl  atn:>w  the  circniit  when  the 
lamp  -xiL-.  fir-t  tuiT>eii  on.  and  it  hail  tu  be  c-ut  out  of  circuit  after  the 
^oTi»-r>  ^lerame  rfindudor^  in  oHer  to  jave  the  ener^'  comumed  by 
the  heater  arifi  to  prr>!one  the  life  of  the  heater.  The  automatic 
r^iz-f/iZ  wa-  otjerate^i  by  mea[i>  of  an  elect  n.imaimet  50  arranged  that 
rr-irrtf-.z  fi'j'ae^l  ihr<jrizh  thi;  matniei  ai  «tM:>n  a*  the  glower  became  a 
r^tiA-i'iriT.  ar.^i  'fiiii&rZs  in  the  heater  circuit  were  opened  Iq.-  this 
mazr,eT.  T>;e  <:-orita<Lt3  in  the  heater  ciMiit  were  kept  nwmaUy 
d'r-eii.  ri-i;aily  }r;  the  f'ir<i-e  of  eravity. 

h'i''Inj4..  The  f.-or.iiu'ti^ity  t«f  the  jilower  increa^  with  the 
in'rrea-e  of  t'-mfjeraturt — the  material  ha<  a  negative  temperature 
c<jeffi'"ie:.t :  heti'-e.  if  it  wf-rt-  v>^vi\  011  a  coni-tant  potential  circuit 
'lire'.tly,  the  *,'jrrt;[.t  ami  t(.-mprrature  wnuld  continue  to  rise  untQ 
the  glo-A-»T  wa-^  'le-rtn .;,..■. I,  To  prt-\tiit  the  current  from  increaang 
(jeyond  the  (]e-ire<i  value,  a  l,>alla-t  ^t■^i^taln:r  wa^  u>«xl  in  series  with 
the  (flower.  Ai  i^  wt-ll  kTn.wTi.  the  rtsj^tam-e  of  iron  wire  increases 
rapirlly  with  iu'rea-e  in  tn-mfn-raturo.  ami  the  rejisianee  of  a  fine  pure 
ir*^.n  wire  was  rro  aiiju-te-i  that  the  re-i-ianoe  of  the  combined  drcuit 
of  the  glower  aT.d  the  balla-t  Ite-.-ame  (Ti.^tant  at  the  de^red  tempera- 
ture of  the  el"-.vt-r.  The  iron  wire  ha.i  to  he  pri-teeteti  from  the  air 
to  prevei.t  oxidizatinTi  avA  too  rapid  tt-mperature  changes  and,  for 
this  rea-o:i.  it  wa-  ni'iui.ti-d  in  a  j:la->  bulb  iSlUxi  with  hydrc^en. 
Hydrogen  wa-  ^clt-cti-d  fiT  thi^  puri)o>e  I>e(au?e  it  is  an  inert  gas  and 
conduct-  the  heat  frrim  the  balla-t  to  the  walls  of  the  bulb  better 
than  other  ga-e<  which  niiirlit  In-  u;eil. 

.i'lrii-ilug'.*  C!no-"'l,  All  of  the  jwins  enumerated,  namely, 
glower,  heater,  eiii-<nii,  and  liaUa-t.  were  niounteil  in  a  suitable 
manner;  the  -mailer  lamp-  with  but  one  irlower  were  arranged  to 
fit  in  an  incaiidc><-ent  hinip  M-iket.  while  the  l:iri:er  types  were  con- 
structed witli  a>  many  a-  f"ur  ].'Iowi-r>  and  were  arranged  to  be 
^upp<l^ed  in  >f»e' iai  fixtun.>,  like  small  are  lamp*.  All  parts  were 
mi-chanically  arranj;eil  -o  that  renewal-  niijiln  ea-ily  l>e  made  when 
ne<-e->ary  and  it  "a-  nut  p<i— iMe  to  in-ert  a  i>iirt  l>elonging  to  one 
type  of  lamp  into  a  lamp  "f  a  ilitTereiit  tyix". 
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The  advantages  claimed  for  the  Neriist  lamp  were:  high  effici- 
ency; a  gcxxl  color  of  light;  a  good  distribution  of  light  without  the 
use  of  reflectors;  a  long  life  with  tow  cost  of  maintenance;  and  a 
complete  series  of  units,  thus  allowing  its  adaptiofi  to  practically  all 
classes  of  illumination. 


Nernst  lamps  were  made  for  110-  and  220-volt  service  and  in 
sizes  from  06  to  52S  watts,  giving  a  mean  candle-power  below  the 
horizontal  of  from  50  to  500  and  an  efficiency  of  from  1.3S  to  1.00 
watts  per  mean  hemispherical  candle-power. 
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DISTRIBUTION  CURVES 

Nature  and  Value.  By  a  distribution  curve  for  any  type  of 
lamp  13  meant  a  curve  showing  the  value  of  the  light  given  by  the 
lamp  in  different  directions.  Usually  these  curves  take  the  form 
of  vertical  distribution  curves  in  which  the  light  given  in  the  different 


directions  throughout  300  degrees  in  a  vertical  plane  are  given  and 
a  horizontal  distribution  curve  in  which  the  light  given  in  different 
directions  throughout  300  degrees  in  a  horizontal  plane  are  given. 
The  mean  of  the  values  of  the  candle-power  in  a  horizontal  plane 
gives  the  mean  horizontal  candle-power,  while  a  mean  of  the  values 
in  the  vertical  plane  gives  the  mean  vertical  candle-power  of  the 
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light  source.    In  the  absence  of  more  specific  statements  the  candle- 
power  of  a  lamp  is  taken  to  be  the  mean  horizontal  candle-power. 
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The  use  of  shades  and  reflectors  greatly  modifies  the  form  of  the 
distribution  curves  of  lamps,  the  exact  nature  of  the  modification 
depending  upon  the  design  of  the  shade  or  the  reflector.     Since 


lamps  are  almost  always  used  with  some  type  of  shade  or  reflector, 
the  distribution  curves  of  the  bare  lamps  have  their  greatest  use- 
fulness for  comparative  purposes.  The  distribution  curves  of  the 
lamps  with  the  reflectors  are  of  direct  use  in  calculations  of  ilium- 
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illation.     Figs.   12  to  19  inclusive  are  typical  of  the  iHstribution 
cunes  of  incandescent  lamp  units. 

Mean  Spherical  Candle-Power.  When  comparing  lamps  wliich 
give  an  entirely  different  light  distribution,  the  mean  horizontal 
candle-power  does  not  form  a  proper  basis  for  such  comparison,  and 
the  mean  spherical  or  the  mean  hemispherical  candle-power  is  used 


i[istca<I.  Ity  mean  sphcricul  caiuUc-ixiwcr  is  niciiiit  a  mean  value 
of  the  lit;lit  taken  in  all  dirci-tioiis.  The  iucIIkhIs  for  determining 
this  will  lietukcn  up  under  "I'liutdinctry".  The  mean  hemispherical 
Ciindlc- power  lias  reference,  n.sually,  to  the  li^rht  given  out  below 
the  horizontal  ])lane.  Tlie  .iphrriral  rr,hirli<'ii  fiirhr  fur  the  ordinary 
tungsten  lamp  is  from  .7S  to  .7'.). 
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SPECIAL  VAPOR  LAMPS 

STANDARD  MERCURY  VAPOR  LAMP 

Operating  Principles.  The  mercury  vapor  lamp  in  thia  country 
is  put  on  the  market  by  the  Cooper-Hewitt  Electric  Company  and 
it  is  being  used  to  a  considerable  extent  for  industrial  illumination. 


In  this  lamp  mercury  vap()r,  reinlered  iiican descent  by  the  passage 
(»f  an  electric  current  throngh  it,  is  the  source  of  light.  In  its  stand- 
iird  form  this  himp  cimsists  of  a  Ioiir  glass  tube  from  wliich  the  air 
has  been  carcfnlly  exhausted  and  which  contains  a  small  amount 
of  metallic  iiuTcnry,  The  miniiry  is  hel<l  in  a  large  bulb  at  one 
end  of  the  tube  and  forms  the  negative  electrode  In  the  direct- 
current  lamp.    The  other  electrode  is  formed  by  an  iron  cup  and 
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ait^  typic-al  of  the  distrihiitiuii 


iiiiitiiiii.     l"if;s,  12  to  Ht  iniliisiv 
curvi's  of  iiicaiiilvsu-iit  lump  units. 

Mean  Spherical  Catidle>=Power.  Wlu-ii  i-uinpariiix  lumps  wliii-li 
givi;  ail  ciitiri'ly  clilTtTfiit  liRlit  <listril>iitioii,  the  mvun  h<iriz(iritiil 
caiulic-pnwiT  dues  not  form  a  proixT  basis  for  such  oomiwrison,  ami 
tlic  iiu-aii  splKTicul  or  the  mean  lifniisplu'rical  caiitlle-ixiwer  is  ii;-.il 


iiistcjiiL     Hy  luciiii  sphcHciil  • 
of  th«-  liirht  liii^oii  in  al!  .lin    ■ 
thi<  will  hv  taki'Ti  up  uiuKt  " ! ' 
(■aiull,-p..wtT  has  nf.nr.,:  . 
tlifhnri;^,.!itiil  piano.    '!'!■. 
tuiij;>tfii  lamp  is  frimi  .7"- 
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formed.  The  tilting  method  of  starting  is  preferred  and  this  tilting 
is  brought  about  automatically  in  the  more  recent  types  of  lamp. 
Fig.  19  shows  the  connections  for  starting  automatically  two  lamps 
in  series,  A  steadying  resistance  and  reactance  are  connected  as 
shown  in  this  figure. 

Applications.  The  mercury  vapor  lamp  is  constructed  in  rather 
large  units,  the  55-volt,  3.5-ampere  lamp  being  the  smallest  standard 
sizt.  The  color  of  the  light  emitted  is  objectionable  for  some  pur- 
poses as  there  is  an  entire  absence  of  red  rays,  in  fact,  the  light  is 
practically  monochromatic.  The  illumination  fnim  this  type  of 
lamp  is  excellent  where  sharp  contrast  or  minute  detail  is  to  be 
brought  out  and  this  fact  has  led  to  its  introduction  for  such  classes 
of  lighting  as  silk  mills  and  cotton  mills.    On  account  of  its  color. 
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the  application  of  this  lamp  is  limited  to  the  lighting  of  shops, 
offices,  and  drafting  rooms,  or  to  display  windows  where  the  goods 
shown  will  not  be  changed  in  appearance  by  the  color  of  the  light. 
It  is  usc<l  to  a  considcnihlc  extent  in  photographic  work  on  account 
of  the  chemical  properlics  of  the  lifilit.  Special  reactances  must  be 
provided  for  a  mercury  arc  lamp  operating  on  single-phase  alter- 
nating-current circuits.  These  iilternating-current  Lamps  have 
practically  the  ^^amc  cfficicnc  y  as  the  direct-current  lamps. 

The  distribution  of  light  about  a  plane  taken  at  right  angles  to 
the  tube  of  a  ('o<)pcr-Ile\vitt  lamp  is  shown  in  t'ig.  2(1.  The  change 
hi  candle-power  with  u.sc  is  illustrated  in  Fig.  ^1  - 
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QUARTZ  MERCURY  VAPOR  LAMP 

ConqMrison  with  Ordinary  Mercury  Lamp.  Increase  in  VoU- 
age  and  Temperature.  Since  in  the  mercury  vapor  lamp  the  arc  at 
the  electrode  gives  practically  no  light  but  consumes  some  energy 
and  the  bulk  of  the  light  is  given  by  the  mercury  vapor  column, 
the  efficiency  of  the  mercury  vapor  tube  as  a  light  giving  source  is 
improved  by  using  very  long  tubes,  as  in  the  standard  lamp;  or  the 
performance  may  be  improved  by  using  a  higher  voltage  per  unit 
length  of  the  tube  than  is  ordi- 
narily employed,  provided  a  tube 
can  be  made  to  withstand  the 
higher  temperatures  reached  with 
this  higher  voltage  per  unit 
length.  The  vapor  pressure  is 
low  in  the  regular  glass  tube, 
seldom  over  one-eighth  inch  of 
mercury  pressure,  but  if  the  tubes 
are  made  of  quartz,  which  is 
capable  of  standing  a  much 
higher  temperature  than  ordinary 
glass,  the  drop  in  potential  per 
inch  of  tube  length  can  be  in- 
creased to  30  or  more  times  that 
allowable  with  glass  tubes. 

IVkiU  Color  oS  Light.    When 
operated  in  this  manner  the  mer- 
cury vapor  actually  becomes  in- 
candescent and  the  character  of  *^-  22. 
the  light  given  by  the  lamp  is 

changed,  red  and  orange  rays  being  added  to  the  yellow,  blue,  green, 
and  violet  of  the  ordinary  mercury  vapor  lamp.  The  pioneer  work  on 
this  type  of  lamp  was  done  in  Germany  but  it  has  since  been  taken 
up  in  the  United  States  and  the  lamp  has  been  developed  into  a 
commercial  form. 

Construction  and  Operation.  The  light-giving  element  of  the 
commercial  lamp  is  a  short  tube  of  quartz  containing  mercury  vapor. 
The  necessary  mechanism  for  starting  and  controlling  the  lamp  is 
placed  in  a  hood  above  the  quartz  tube  and  'the  tube  itself  is  sur- 
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TABLE  V 

Data  on  Quartz  Tube  Lamps 

{Cooper-Hew  i  tt ) 


No«'l™*L 

S"= 

Cand 

e-PowebMean 

CaNDi.B-Fowia 

110 

3.8 

1000 

0.42 

220 

3-3 

2400 

0.30 

550 

2.0 

3500 

0.31 

rounded  by  a  glass  globe,  partly  for  the  purpose  of  cutting  off  the 
ultra-violet  Hglit  given  by  the  mercury  vapor  and  not  screened  off 
by  the  quartz  tube.  The  details  of  a  Cooper-Hewitt  quartz  lamp 
are  illustrated  in  Fig.  22  and  the  general  appearance  of  one  of  these 
lamps  is  shown  in  Fig.  23.  Referring  to  Fig. 
22,  which  illustrates  the  mechanism  of  a  110- 
\olt  3.S-ampere  direct-current  lamp:  b  is  the 
quartz  tube  or  burner  placed  in  a  suitable  holder 
which  is  pivoted  in  a  support  c  and  attached  to 
the  lever  t;  I  is  linked  to  the  movable  iron  arma- 
ture w;  ri  is  a  dashpot;  p  is  a  small  permanent 
magnet  installed  for  the  purpose  of  locking  the 
UR'chanisiu  and  preventing  its  operation,  if  the 
lamp  should  be  coiuiectcd  in  to  the  circuit  with 
u  wrong  polarity.  Closing  the  lamp  switch  auto- 
niatit'ally  tips  the  quartz  tube  and  starts  the 
lamp  in  operation.  Table  V  gives  some  oper- 
ci'-uwr-iiiuKt  iViiii'iii!      ating  data  for  the  Cooper-Hewitt  quartz  lamp. 

TUBE  LICiHTING 
Moore  Tube  Light.  Uie  of  Orisslcr  Tube  Principle.  The  Moore 
light  makes  use  of  the  familiar  Geissler  tube  discharge — discharge  of 
electricity  thr"uj;!i  a  vacuum  tube— as  a  source  of  illumination.  The 
practical  applicati()n  of  tliis  discharge  to  a  system  of  lighting  has  in- 
volved a  large  aniountof  consistent  research  on  the  part  of  the  inventor 
aii<l  it  has  now  In-en  brought  to  such  a  stage  that  several  installations 
have  been  made.  The  Mstcni,  while  probably  not  destined  to  have 
any  extended  commercial  use,  has  many  interesting  features. 
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Method  of  Installation.  In  the  normal  method  of  installation,  a 
glass  tube  1  ^  inches  in  diameter  is  made  up  by  connecting  standard 
lengths  of  glass  tubing  together  until  the  total  desired  length  is 
reached  and  this  continuous  tube,  which  forms  the  source  of  light 
when  in  operation,  is  mounted  in  the  desired  position  with  respect 
to  the  plane  of  illumination.  In  many  cases  the  tube  fonns  a  large 
rectangle  mounted  just  beneath  the  ceiling  of  the  room  to  be  lighted. 
■The  tube  may  be  of  any  reasonable  length,  actual  values  running 

from  40  to  220 
feet.  In  order 
to  provide  an 
electrical  dis- 
charge through 
this  tube  it  is 
customary  to 
lead  both  t'lids  of  the  tube  to 
the  high  tension  terminals  of 
a  transformer,  Fig,  24,  the  low 
tension  side  of  which  may  be 
connected  to  the  alternating-cur- 
rent lighting  mains.  This  trans- 
former is  constructed  so  that 
the  high  tension  terminals  are 
not  exposed  and  the  current 
is  led  into  the  tube  by  means  of  platinum  wijes  attached  to  carbon 
electrodes.  The  electrodes  are  about  8  inches  in  length.  The  ends 
of  the  tube  and  the  high  tension  terminals  are  enclosed  in  a  steel 
casing  so  as  effectually  to  prevent  anything  from  coming  in  contact 
with  the  high  potential  of  the  system.  As  stated,  the  low  tension 
side  of  the  transformer  is  connected  to  the  usual  60-cycle  lighting 
mains.  If  direct  current  is  used  for  distribution,  a  motor-generator 
set  for  furnishing  alternating  current  to  the  primary  of  the  trans- 
former is  required.  Any  frequency  from  60  cycles  up  is  suitable 
for  the  operation  of  these  tubes.  At  lower  frequencies  there  is 
some  appreciable  variation  of  the  light  emitted. 

Cobr  of  Light.  The  color  of  the  light  emitted  by  the  tube 
depends  upon  the  gas  used  in  it.  The  regulator  is  fitted  with  some 
chemical  arrangement  whereby  the  proper  gas  is  admitted  to  it  when 
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Data  on 

he  Moore  Tube  Light 

LENliTH  or 
Tir»B 

■^TJ'^^- 

"(."'ciHc"™" 

VoLT*QE  *i  Lamp  Tebkhals 

40-70     ft. 

80-125    " 

2       kw. 
2.75    " 

(i5-S4% 

3146   for   40-tl.  tube,  at 
12  hefoers  per  ft. 

130-180   " 

3.5      ■■ 

190-220   " 

4,5      " 

12,441  for  220-ft.  tube,  at 
12  hefners  per  ft. 

the  tube  is  hi  operation.  The  tube  gives  the  highest  efficiency 
when  nitrogen  is  emplo\ed  and  the  light  emitted  when  this  gas  is 
used  is  yellowish  in  color.  Air  gives  a  pink  appearance  to  the  tube 
and  carbon  dioxide  is  emplojed  wlien  a  white  light  is  desired. 

Advantages  Claimed.  Table  VI  gives  general  data  on  the  Moore 
tube  light.  The  ad\'antages  claimed  for  this  light  are:  high  efficiency, 
good  color,  and  low  intrinsic  brilliancj'. 

PrejiHure  in  tulw,  abciut  ,'0  mm.  of  mcriiiry. 

Watl.'i  per  htifriCT,  '.i.2  for  21)-fcicit  lubo  iiii'liiding  transformer. 

Wutts  per  hi^fner,  1.4  for  180-foot  tube  including  IranHformcr. 

IlrfnirpiT  foot,  normal,  12. 

Koto  that  one  hctiier  equals  0.88  can(lle-|iowiT. 

Neon  Tube  Light.  Chanictprlsflrs  and  Adnmhiges  of  Method. 
Xei>n,  a  rare  gas  of  which  the  atmospliere  contains  about  one  part  in 
()(),()()1>,  can  be  obtained  as  a  by-product  of  tlie  manufacture  of  oxy- 
gen from  the  air  and  it  may  be  used  in  connection  with  tube  lighting 
ill  u  manner  similar  to  the  way  in  which  nitrogen  is  used  in  the 
Moore  lamp.  When  used  in  this  manner  it  must  be  in  a  very  pure 
state.  I.ainj)s  have  l)ccn  mannfacturci!  for  the  use  of  neon,  with  the 
following  general  cliaracteristics: 

Tubes  0  meters  long  have  a  life  comparable  to  that  of  incan- 
descent lamp  units,  namely  KHK)  hours,  or  more. 

Tin:  nee<'ssary  potential  is  about  one-tliird  that  required  for  a 
similar  Moure  tul)e--ahont  NDl)  vults  for  a  tube  (i  meters  long. 

The  neon  tube  gives  ahont  l*(ll)  eanille-powcr  per  meter  of  length 
as  af;ain,st  about  (>i)  candle-power  for  a  nitrogen  tube. 

An  cffi(-!eiK-y  of  O.o  watts  per  caudle  is  claiimil  for  the  neon  tube. 

Ct'ltir  of  l.iijltl.  The  color  of  the  light,  unmodified,  is  too  red 
for  onlinury  illumination.     To  improve  this,  correcting  tubes  con- 
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taining  mercury  have  been  added  to  some  lamps  and,  by  the  use  of 
such  correctiHg  tubes,  the  color  has  been  greatly  improved  but  the 
efficiency  of  the  unit  is  reduced  so  that  about  0,8  watt  per  candle- 
power  13  required  for  their  operation. 

Small  tubes  for  display  lighting  have  been  manufactured  but 
it  is  not  at  all  likely  that  neon  tubes,  in  their  present  state  of  develop- 
ment, will  have  any  great  commercial  application,  even  though  they 
have  some  very  desirable  characteristics. 


CARBON  ARC  LAMPS 

ORDINARY  OPEN  AND  ENCLOSED  ARC  TYPES 
Principles  of  the  Electric  Arc.  Suppose  two  carbon  rods  are 
connected  in  an  electric  circuit  and  the  circuit  is  closed  by  touching 
the  tips  of  these  rods  together;  on  separating  the  carbons  again  the 
circuit  will  not  be  broken,  provided  the  space  between  the  carbons 
be  not  too  great,  but  will  be  maintained  through  the  arc  formed  at 
these  points.  This  phenomenon,  which 
is  the  basis  of  the  arc  light,  was  first 
observed  on  a  large  scale  by  Sir  Hum- 
phrey Davy,  who  used  a  battery  of  2000  . 
cells  and  produced  an  arc  between  char-  '■ 
coal  points  4  inches  apart. 

Nature  of  Arc.  As  the  incandes- 
cence of  the  carbons  across  which  an  arc  ■ 
is  maintained,  together  with  the  arc 
itself,  forms  the  source  of  light  for  a  large 
portion  of  arc  lamps,  it  will  be  well  to 
study  the  nature  of  the  arc.  Fig.  25 
shows   the    general   appearance   of    an  c-arbon  icrn  oau 

arc  between   two  carbon   electrodes   when   maintained  by  direct- 
current. 

Action  of  Current  on  Carbon.t.  Here  the  current  is  assumed  as 
passing  from  the  top  carbon  to  the  bottom  one  as  Indicated  hy  the 
arrow  and  signs.  We  find,  in  the  direct-current  arc,  that  most  of 
the  light  issues  from  the  tip  of  the  positive  carbon,  or  electrode,  and 
this  portion  is  known  as  the  "crater"  of  the  arc.  This  crater  has  a 
temperature  ot  from  3000  to  .3.500  degrees  centigrade,  the  tempera- 
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ture  at  which  the  carbon  vaporizes,  and  it  gives  from  80  to  85  per 
cent  of  the  light  furnished  by  the  arc.  The  negati^'e  carbon  becomes 
pointed  at  the  same  time  that  the  positive  one  is  hollowed  out  to 
form  the  crater  and  it  is  also  incandescent  but  not  to  as  great  a 
degree  as  the  positive  carbon.  Between  the  electrodes  there  is  a 
band  of  violet  light,  the  arc  proper,  and  this  is  surrounded  by  a 
luminous  zone  of  a  golden  yellow  color.  The  arc  proper  does  not 
furnish  more  than  5  per  cent  of  the  light  emitted  when  pure  carbon 
electrodes  are  used. 

The  carbons  are  worn  away  or  consumed  by  the  passage  of  the 
current,  the  positive  carbon  being  consumed  about  twice  as  rapidly 
as  the  negative. 

Preparation  of  Carbons.    Carbons  are  either  molded  or  forced 
from  a  product  known  as  "petroleum  coke"  or  from  similar  materials, 
such  as  lampblack.    The  ma- 
terial is  thoroughly  dried  by 
'■  heating  to  a  high  temperature; 
then  it  is  ground  to  a  fine 
'  powder  and  combined    with 
some  substance  such  as  pitch 
which  binds  the  fine  particles 
of    carlxjii    together.      After 
^  this  mixture  is  again  ground, 
it  is  ready  for  molding.    The 
powder  is  put  in  steel  molds 
and  heated  until  it  takes  the 
form  of  a  paste,  when  the 
necessary  pressure  is  applied 

Fig.  20.     Distribuliop  Curve  for  D.  C,  Arc  Lump       tO  the  molds.      For  the  forCcd 

carbons,  the  powder  is  formed 
into  cylinders  wliich  are  placed  in  machines  that  force  the  material 
through  a  die  so  arranged  as  to  give  the  desired  diameter.  The 
force<l  carbons  are  often  made  with  a  core  of  some  special  material, 
this  core  being  added  after  the  carbon  proper  has  been  finished. 
The  carbons,  whether  molded  or  forced,  must  be  carefully  baked  to 
drive  off  all  volatile  matter.  The  forced  carbon  is  always  more 
uniform  in  quality  and  cross  section  and  is  the  type  of  carbon  which 
must  be  used  in  the  carbon-feed  lamp.     The  adding  of  a  core  of  a 
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different  material  seems  to  change  the  quality  of  light  and,  being 
more  readily  volatilized,  keeps  the  arc  from  wandering. 

Plating  of  carbons  with  copper  is  sometimes  resorted  to  for 
molded  forms  for  the  purpose  of  increasing  the  conductivity  and,  by 
protecting  the  carbon  near  the  arc,  prolonging  the  life. 

Distrihution  Curve.  The  light  distribution  curve  of  a  direct- 
current  arc,  taken  in  a  vertical  plane,  is  shown  in  Y\g.  26.    Here  it 


is  seen  that  the  maximum  amount  of  light  is  given  off  at  an  angle  of 
about  50  degrees  from  the  vertical,  the  negative  carbon  shutting  off 
the  rays  of  light  that  are  thrown  directly  downward  from  the  crater. 
If  alternating  current  is  used,  the  upper  carbon  becomes  positive 
and  negative  alternately  and  there  is  no  chance  for  a  crater  to  be 
formed,  both  carbons  giving  off  the  same  amount  of  light  and  being 
consumed  at  about  the  same  rate.  The  light  distribution  curve  of 
an  alternating-current  arc  is  shown  in  Fig.  27. 
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CARBON  FEED  MECHANISMS 

In  a  practical  lamp  we  must  have  not  only  a  pa!r  of  carbons 
for  producing  the  arc,  but  also  means  for  supporting  these  carbons, 
together  with  suitable  arrangements  for  leading  the  current  to  them 
and  for  maintaining  them  at  the  proper  distance  apart.  The  carbons 
are  kept  at  the  proper  distance  apart  by  the  operating  mechanisms 
which  must  perform  the  following  functions: 

(1)  The  cafbona  must  be  in  con- 
~  tact,  or  be  brought  into  contact,  to  start 

the  arc  when  the  current  first  flows. 

(2)  They  must  be  separated  imme- 
diately afterward  at  the  right  distance  to 
form  a  proper  arc. 

(3)-  The  carbons  must  be  fed  to  the 
arc  as  Ihey  are  consumed. 

(4)  The  circuit  should  be  open  or 
closed  wheu  the  cnrbons  are  entirely  con- 
Rumed,  depending  on  the  method  of  power 
distribution. 

The  feeding  of  the  carbons  may 
be  done  by  hand,  as  is  the  case  in 
some  stereopticons  using  an  arc, 
but  for  ordinary  illumination  the 
striking  and  maintaining  of  the  arc 
must  be  automatic.  It  is  made  so 
in  all  cases  by  means  of  solenoids 
acting  against  the  force  of  gravity 
or  against  springs.  There  are  an 
endless  number  of  such  mechanisms, 
Pig,  as.  seriM  Mechanism  lor  D.c.  but  a  fcw  Only  wIll  be  dcscribed 
here.  They  may  be  roughly  divided 
into  three  classes:  shunt,  series,  and  differential  mechanisms. 

Shunt  Mechanism.  In  shunt  lamps,  the  carbons  are  held  apart 
before  the  current  is  turned  on  and  the  circuit  is  closed  through  a 
solenoid  connected  in  across  the  gap  so  formed.  All  of  the  current 
must  pass  through  this  coil  at  first  and  the  plunger  of  the  solenoid 
is  arranged  to  draw  the  carbons  together,  thus  starting  the  arc. 
The  pull  of  the  solenoid  aiid  that  of  the  springs  are  adjusted  to 
maintain  the  arc  at  its  proper  length. 

Such  lamps  have  the  disadvantage  of  a  high  resistance  at  the 
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start — 450  ohms  or  more — and  are  difficult  to  start  on  series 
circuits,  on  account  of  the  high  voltage  required.  They  tend 
to  maintain  a  constant  voltage  at  the  arc,  but  do  not  aid  the 
dynamo  in  its  regulation,  so  that  the  arcs  are  liable  to  be  a  little 
unsteady. 

Series  Mechanism.     With    the    series-lamp  mechanism,  the 
carbons  are  together  when  the  lamp  is  first  started  and  the  current, 
flowing  in  the  series  coil,  separates  the  electrodes,  striking  tlie  arc. 
When  the  arc  is  too  long,  the  resist- 
ance is  increased  and  the  current  -f  _— 
is  lowered  so  that  the  pull  of  the  "y 
solenoid  is  weakened  and  the  car- 
bons feed  together.    This  tjpe  of 
lamp  can  be  used  only  on  con- 
stant-potential systems. 

Fig.  28  shows  adiagram  of  the 
connection  of  such  a  lamp.  This 
diagram  is  illustrative  of  the  con- 
nection of  one  of  the  lamps  manu- 
factured by  the  Western  Electric 
Company,  for  use  on  a  direct- 
current  constant-potential  system. 
The  symbols  +  and  —  refer  to 
the  terminals  of  the  lamp  and  the 
lamp  must  be  so  connected  that 
thecurrent  flows  from  the  top  car- 
bon to  the  bottom  one.  i{  is  a 
series  resistance,  adjustable  for 
different  voltages  by  means  of  the 

shunt  G.  F  and  D  are  the  controlling  solenoids  connected  in  series 
with  the  arc.  B  and  C  are  the  positive  and  negative  carbons  re- 
spectively, while  A  is  the  switch  for  turning  the  current  on  and  off. 
H  is  the  plunger  of  the  solenoids  and  I  is  the  carlron  clutch,  this 
being  what  is  known  as  a  "carbon-feed  lamp".  The  carbons  are 
together  when  A  h  first  closed;  the  current  is  excessive;  and  tlie 
plunger  is  drawn  up  into  the  solenoids,  lifting  the  carbon  B  until 
the  resistance  of  the  arc  lowers  the  current  to  such  a  value  that  the 
pull  of  the  solenoid  just  counterbalances  the  weight  of  the  plunger 
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and  carbon.  G  must  be  so  adjusted  that  this  point  is  reached  when 
the  are  is  at  its  normal  length. 

Differential  Mechanism.  In  the  differential  lamp,  the  series 
and  shunt  mechanisms  are  combined,  the  carbons  being  together 
at  the  start  and  the  series  coil  arranged  so  as  to  separate  them;  while 
the  shunt  coil  is  connected  across  the  arc,  as  before,  to  prevent  the 
carbons  from  being  drawn  too  far  apart.  This  lamp  operates  only 
over  a  low-current  range  but  it  tends  to  aid  the  generator  in  its 
regulation. 

Fig.  29  shows  a  lamp  having  a  differential  control,  this  also 
being  the  diagram  of  a  Western  Electric  Company  arc  lamp  for  a 
direct-current  constant-potential  system.  Here  S  represents  the 
shunt  coil  and  M  the  series  coil,  the  armature  of  the  two  magnets 
A  and  A'  being  attached  to  a  beH-crank,  pivoted  at  B,  and  attached 
to  the  carbon  clutch  C.  The  pull  of  coil  S  tends  to  lower  the  carbon 
while  that  of  M  raises  the  carbon  and  the  two  are  so  adjusted  that 
equilibrium  is  reached  when  the  arc  is  of  the  proper  length.  All  of 
the  lamps  are  fitted  with  an  air  dashpot,  or  some  damping  device, 
to  prevent  too  rapid  movement  of  the  working  parts. 

TYPES 

Ciassification.  Arc  lamps  are  constructed  to  operate  on  direct- 
current  or  alternating-current  systems  when  corniected  in  series  or 
in  multiple.  They  are  also  made  in  both  the  open  and  the  enclosed 
forms. 

By  an  open  arc  is  meant  an  arc  lamp  in  which  the  arc  is  exposed 
to  the  atmosphere,  while  in  the  enclosed  arc  an  inner  or  enclosing 
globe  surrounds  the  arc  and  this  globe  is  covered  with  a  cap  which 
renders  it  nearly  air-tight.  Fig.  30  is  a  good  example  of  an  enclosed 
arc  as  manufactured  by  the  General  Electric  Company. 

Direct'Current  Arcs.  Open  Type.  Open  arcs  for  direct-current 
systems  were  the  first  to  be  used  to  any  great  extent.  When  used 
tlify  are  always  connected  in  series  and  are  run  from  some  form  of 
special  arc  machine,  a  description  of  which  may  be  found  in  any 
book  dealing  with  types  of  generators. 

Each  lamp  requires  In  the  neighborhood  of  60  volts  for  its  oper- 
ation and,  since  the  lamps  arc  connected  in  series,  the  voltage  of 
the  system  will  depend  on  the  number  of  lamps;  therefore,  the 
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number  of  lamps  that  may  be  connected  to  one  machine  is  limited 
by  the  maximum  allowable  voltage  on  that  machine.  By  special 
construction  as  many  as  125  lamps  are  run  from  one  machine  but 
even  this  size  of  generator  is  not  as  efficient  as  one  of  greater  capac- 
ity. Such  generators  are  usually  wound  for  6.(5  or  9.6  amperes. 
Since  the  carbons  are  exposed  to  the  air  at  the  arc,  they  are  rapidly 


- 

1 

■e  Lamp  Showing  Carbon  Feei 


consumed,  requiring  that  they  be  renewed  daily  for  this  type  of 
lamp.    The  open  arc  lamp  is  used  but  little  at  present. 

Enclosed  Type.  Enclosed  arcs  for  series  systems  are  constructed 
much  the  same  as  the  open  lamp  and  are  controlled  by  either  shunt 
or  differential  mechanism.  They  require  a  voltage  of  from  68  to 
75  at  the  arc  and  are  usually  constructed  for  from  5  to  6.8  amperes. 
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TABLE  VII 

Rating  of  Enclosed  Arcs 
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They  also  require  a  constant-current  generator  or  a  rectifier  outfit, 
if  used  on  alternating-current  circuits.  Table  VII  gives  some  data 
as  to  the  rating  of  enclosed  arcs  on  constant-potential  circuits. 

Constant-Potential  Tyj)e.  Constant-potential  arcs  must  have 
some  resistance  connected  in  series  with  them  to  keep  the  voltage 
at  the  arc  at  its  proper  value.  This  n'sistance  is  made  adjust- 
able so  that  tho  lamps  may  be  used  on  any  cirenit.  Its  location  is 
clearly  shown  in  Fig.  3fl,  one  atil  being  located  aliove,  the  other 
below  the  operating  solenoids. 

Alternating- Current  Arcs.  These  do  not  differ  greatly  in  con- 
struction from  the  direct -current  arcs.     When  iron  or  other  metal 
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parts  are  used  in  the  controlling  mechanism,  they  must  be  laminated, 
or  so  constructed  as  to  keep  down  induced  or  eddy  currents  which 
might  be  set  up  in  them.  For  this  reason  the  metal  spools,  on  which 
the  solenoids  are  wound,  are  slotted  at  some  point  to  prevent  them 
from  forming  a  closed  secondary  to  the  primary  formed  by  the 
solenoid  winding.  On  constant-potential  circuits  a  reactive  coil  is 
used  in  place  of  a  part  of  the  resistance  for  cutting  down  the  voltage 
at  the  arc. 

Interchangeable  Arcs.  There  are  in  the  market  interchangeable 
arcs  which  may  be  readily  adjusted  so  as  to  operate  on  either  direct 
or  alternating  current  and  on  voltages  from  110  to  220.  Two  lamps 
may  be  run  in  series  on  220-volt  circuits. 

The  distribution  of  light  and  the  resulting  illumination  for  the 
different  lamps  just  considered  will  be  taken  up  later.  Aside  from 
the  distribution  and  quality  of  light,  enclosed  arcs  have  the 
advantage  that  the  carbons  are  not  consumed  as  rapidly  as  in  the  open 
lamp  because  the  oxjgen  is  soon  exhausted  from  the  inner  globe 
and  the  combustion  of  the  carbon  is  greatly  decreased.  They  will 
burn  from  80  to  100  hours  without  retrimming.  The  type  of  lamp 
most  commonly  employed  requires  6.6  amperes  for  its  operation, 

FLAMING  AND  LUMINOUS  ARC  TYPES 

Many  thousands  of  enclosed  carbon  arc  lamps,  of  both  the 
direct-current  and  the  alternating-current  types  are  in  use,  and  these 
lamps  will  be  used  to  a  considerable  extent  for  some  time  to  come; 
but  other  tjpes  of  arc  lamps,  showing  much  higher  efficiencies  and 
having  other  very  desirable  characteristics,  are  now  available  and 
are  replacing  the  carbon  lamps  in  many  Instances.  The  high  candle- 
power,  high  efficiency  tungsten  lamps  are  also  used  to  replace  carbon 
arcs  in  many  instances. 

Flaming  Arc.  In  the  carbon  arc,  the  arc  proper  gives  out  but 
a  small  percentage  of  the  total  amount  of  light  emitted.  In  order 
toobtain  a  light  in  which  more  of  the  source  of  luminosity  i?  in  the 
arc  itself,  experiments  ha\e  been  made  witJi  the  use  of  electrodes 
impregnated  with  certain  salts,  as  well  as  with  electrodes  of  a  material 
different  from  carbon.  The  result  of  these  experiments  has  been  to 
place  upon  the  market  the  flaming  arc  lamps  and  the  luminous  arc 
lamps— -lamps  of  high  candle-power  and  good  efficiency,  and  {^ving 
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various  colors  of  liglit.  These  lamps  may  be  put  in  two  classes: 
One  class  uses  carbon  electrodes,  these  electrodes  being  either  impreg- 
nated with  certain  salts  which  add  luminosity  to  the  arc,  or  else  they 
are  fitted  with  cores  which  contain  the  required  material;  the  other 
class  covers  lamps  which  do  not  employ  carbon,  the  most  notable 
example  being  the  magnetite  arc  which  uses  a  copper  segment  as 
one  electrode  and  a  magnetite  stick  as  the  other  electrode. 

Bremer  Type.  The  Bremer  flaming  arc  lamp  was  introduced 
commercially  in  1899  and,  since  some  of  its  principles  are  incorpor- 
ated in  man,\'  of  the  lamps  on  the  market  today,  it  will  be  briefly 
described  here.  The  diagram  shown  in  Fig.  31  illustrates  the  main 
features  of  this  lamp.  The  electrodes  are  mounted  at  an  angle  and 
an  electromagnet  is  placed  above  the  arc  for  the  purpose  of  keeping 
it  from  creeping  up  and  injuring  the  economizer  and  also  for  the  pur- 
pose of  spreading  the  arc  out  and  increasing  its  surface.  The  vapor 
from  the  arc  is  condensed  on  the 
economizer  and  this  coating  acts  as 
a  reflector,  throwing  the  light  down- 
ward. The  economizer  serves  to 
limit  the  air  supplied  to  the  arc 
and  thus  increases  the  life  of  the 
electrodes.  The  inclined  position 
of  the  carbons  was  suggested  by 
the  fact  that  in  the  impregnated 
carbons  a  slag  was  formed  which 
ca\e  trouble  when  the   electrodes 

Fi«   31      Diagram  ol  BrernQr  Flaming  Arc  ,  ■        , 

were  mounted  in  the  usual  manner. 
By  using  the  electrodes  in  this  position  there  is  little  if  any 
obstruction  to  the  light  which  passes  directly  downward  from 
the  arc. 

Bremer's  original  electrodes  contained  compounds  of  calcium, 
strontium,  magnesium,  etc.,  as  well  as  boraeic  acid.  Electrodes  as 
employed  in  the  various  lamps  today  differ  greatly  in  their  make-up. 
Some  use  impregnated  carbons;  others  use  carbons  with  a  core  con- 
taining the  flaming  materials;  and  metallic  wires  are  added  in  some 
cases.  The  life  of  electroiles  for  flaming  lamps  depends  upon  their 
length  and  iipi»i  the  type  of  lamp.  The  maximum  life  of  the  treated 
carlioiis  is  in  the  iieighborhtKid  of  100  hours. 
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Color  of  Arc.  The  color  of  the  light  from  the  flaming  arc  is 
yellow  when  calcium  salts  are  used  as  the  main  impregnating  com- 
pound and  many  of  the  lamps  installed  use  electrodes  giving  a  yellow 
light.  By  employing  more  strontium,  a  red  or  pink  light  is  produced ; 
while  if  a  white  light  is  wanted,  barium  salts  are  used.  Calcium 
gives  the  most  efficient  service  and  strontium  comes  between  this 
and  barium.  The  distribution  curves  in  Fig.  32  illustrate  the  rela- 
tive economies  of  the  different  materials.  Modern  electrodes  contain 
not  more  than  15  per  cent  of  added  material  proportioned  so  as  to 
give  the  color  required  for  different  effects. 


Fig.  32.     Distril 


CharaderUHcs  and  Advantages.  The  flaming  are  lamp  in  some 
form  is  now  manufactured  by  several  firms.  The  modern  lamp  is 
known  as  the  iong-burning  flame-carbon  arc  lamp.  It  possesses  the 
following  general  characteristics:  high  efficiency,  economical  main- 
tenance, steady  burning,  good  light  distribution,  good  color  of  light, 
comparatively  low  intrinsic  brilliancy.  In  its  most  satisfactory- 
form  it  is  a  lamp  of  comparatively  high  candle-power.  Carbons  for 
these  lamps  are  from  five-eighths  inch  to  seven-eighths  inch  in 
diameter  and  the  material  for  producing  the  flame  is  mixed  with  the 
carbon  in  the  formation  of  the  rods  rather  than  introduced  in  the 
form  of  a  core.  The  nature  of  the  material  used  for  impregnating  the 
carbon  determines  the  color  given  by  the  arc,  as  already  explained. 
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TABLE  VIM 

Data  for  the  Flaming  Arc  Lamps  Compared  in  Fig.  35 


A.  C-  Srbjw  i^uf 

U.  C.  MuLTlFLB  Lamp 

Tenninal  Volts 

Terminal  Walts 

425 

747.5 

Arc  Volts 

■45 

70 

10 

6.5 

Efficiency 

93% 

61 

81.6% 

1000 

820 

Mean  Splierical  C.  P. 
MeanH^S.  C.  P.  perWatt 

655 

500 

2.35 

1,09 

1.54 

.67 
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The  lamps  are  made  for  both  direct-current  and  alternating-current 
operation.  The  best  results  are  obtained  with  lamps  requiring 
about  10  amperes  for  their  oper- 
ation and  in  these  lamps  the 
consumption  of  the  carbons  is  at 
the  approximate  rate  of  one  inch 
in  15  to  20  hours  of  burning. 
Lamps  must  be  trimmed  about 
every  100  hours. 

Special  care  is  necessary  in 
the  design  of  flaming-carbon  arc 
lamps  to  see  that  the  "soot", 
or  condensation  of  the  arc  fumes, 
is  not  deposited  where  it  will 
interfere  with  the  light  given  by 
the  lamp,  or  with  the  operating 
mechanism. 

Fig.  33  illustrates  the  flam- 
ing   arc  tamp,    this   particular 
figure  showing   types   manufac- 
tured by  the  General  Electric  Company.     Fig.   34   is  a  diagram 
of  a  "sneak-feed"  mechanism  used  in  one  make  of   flaming  arc 


lamp.  Fig.  35  gives  a  comparison  between  a  6.5-ampere  direct- 
current  multiple  lamp  and  a  lO-ampere  alternating-current  series 
unit.     Table  VIII  gives  data  relative  to  the  two  lamps  compared 
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in  Fig.  35,  and  is  illustrative  of  the  performance  of  the  modem 
unit.  In  general  the  modern  type  of  lamp  gives  about  2,5  mean 
hemispherical  candle-power  per  watt  with  "white"  carbons  and 
"Alba"  glassware.  With  clear  glassware  the  candle-power  will 
run  upwards  of  5  mean  hemispherical  candle-power  per  watt  con- 
sumption. "Yellow"  carbons  give  from  30  to  50  per  cent  more  light 
for  the  same  energy  consumption. 

Luminous   Arc.     Nature  of   Magnetite   Electrodes.    The   term 
luminous  arc  lamp  is  now  reser\'ed  for  the  type  of  lamp  at  one  time 


~<dD 


known  as  the  "magnetite"  or  metallic  arc  lamp.  Such  lamps  were 
introduced  as  early  as  1903.  The  type  most  commonly  employed 
uses  a  copper  disc  as  one  electrode  and  a  magnetite  stick — ^formed  by 
forcing  magnetite,  to  which  titanium  salts  are  usually  added,  into  a 
thin  sheet-steel  tube — as  the  other  electrode.  This  lamp  gives  a 
luminous  arc  of  high  efficiency  and  as  the  magnetite  electrode  is  not 
consumed  rapidly,  magnetite  lamps  <lo  not  require  frequent  trimming. 
The  life  of  the  magnetite  electrode,  as  at  present  manufactured,  is 
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from  170  to  200  hours.  A  diagram  of  the  connections  of  this  lamp, 
as  manufactured  by  the  General  Electric  Company,  is  shown  in 
Fig.  36.  The  magnetite  electrode 
is  placed  below.  The  copper  elec- 
trode has  just  the  proper  dimen- 
sions to  prevent  its  being  destroyed 
by  the  arc  and  yet  it  is  not  large 
enough  to  cause  undue  condensa- 
tion of  the  arc  vapor.  Direct  cur- 
rent must  be  used  with  this  lamp, 
the  current  passing  from  the  copper 
to  the  magnetite,  and  the  light  given 
by  the  lamp  is  white  in  color. 
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S'pecificalvyru,  The  majority  of  the  luminous  arc  lamps  now  in 
use  (some  200,000)  operate  at  ahout  75  volts  at  the  arc  and  take  4 
amperes,  requiring  310  watts  per  unit.  A  510-watt  6.6-ampere  lamp 
is  also  standard.  Fig.  37  illustrates  the  series  luminous  arc  lamp 
as  manufactured  by  the  General  Electric  Companyj  and  Fig.  38 
shows  the  distribution  curves  for  the  4-ampere  and  the  6.6-ampere 
units.  The  4-ampere  lamp  gives  a  mean  hemispherical  candle- 
power  of  545  while  the  6.6-ampere  unit  gives  a  mean  hembpberical 
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candle-power  of  1340,  Metallic  flame  arc  lamps  are  also  made  with 
a  second  metallic  electro<le  used  in  place  of  the  copper  segment. 

A  very  popular  form  of  luminous  arc  lamp  for  ornamental 
street  lighting  is  constructed  with  the  controlling  mechanism  mounted 
below  the  arc  proper  and  the  lamp  is  enclosed  in  an  ornamental 
globe  and  placed  at  the  top  of  an  ornamental  standard. 

Comparison  of  Arc  Lamps.  ]''(ir  the  purpose  of  comparing  the 
various  types  of  arc  lamps  available,  Table  IX,  prepared  by  Mr. 
S.  W.  Ash  and  published  in  the  June,  1911,  Transactions  of  the 
Illuminating  Engineering  Suciety,  is  given. 
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LAMPS 


CURRENT 
TRANSFORMER 
OMIT  FOR 
25  LIGHTS 


POWER  DISTRIBUTION 

The  question  of  power  distribution  for  electric  lamps  and  other 
appliances  is  taken  up  fully  in  the  section  on  that  subject;  therefore, 
it  will  be  treated  very  briefly  here.     The  systems  may  be  divided  into: 

(1)  Spries  diatribution  systems. 

(2)  Multiplp-sfji™  or  soriea-multiple  Hyutems. 

(3)  Multiple  or  parallel  syBteaiM. 

They  apply  to  both  alternating  and  direct  ciirrent. 

Series  System.  The  series  distribution  system  is  the  simplest  of 
the  three;  the  lamps,  as  the  name  indicates,  are  connected  in  series 
as  shown  in  Fig.  39.  A 
constant  load  is  neces- 
sary if  a  constant  poten- 
tial is  to  be  used.  If 
the  load  is  variable,  a 
constant-current  gener- 
ator or  a  special  regu- 
lating de^■ice  is  necessary. 
Such  devices  are  con- 
stant-current transform- 
ers and  constant-current 
regulators  as  applied  to 
alternating-current  cir- 
cuits, 

Mf>st  Used  for  Street 
Ilbiminatiim.  The  series 
system  is  used  mostly 
for  arc  and  incandescent 
lamps  when  applied  to 
street  illumination.  Its 
advantages  aresimplicity 
and  the  saving  of  copper. 
The  disadvantages  are 
high  voltage,  as  fixed  by 
the  number  of  lamps  in 
series,  the  limitation  of  the  sine  of  the  machines,  since  they  cannot  be 
insulated  for  voltage  above  about  (iOnO;  and  the  fact  that  a  single 
o|H'n  circuit  shuts  down  the  wln)le  system. 


RESISTANCE 


;PRIMARY  PUUG  SWITCH 
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Alternating-current  series  (iistributioii  systems  are  being  used 
to  a  very  large  extent.  By  tlie  aid  of  special  transformers,  or  regu- 
lators, any  number  of  circuits  can  be  run  from  one  machine  or  set  of 
busbars,  and  apparatus  can  be  built  for  any  voltage  and  of  any  size. 
It  "is  not  customary,  however,  to  build  transformers  of  this  tj-pe 
having  a  capacity  greater  than  one  hundred  6.6-arapere  lamps 
because  of  the  high  voltage  which  would  have  to  be  induced  in  the 
secondary  for  a  larger  number  of  lamps. 

Description  of  Single-Coil  TransfoTmer  for  A.  C.  Series  Circuits. 
Fig.  39  gives  a  diagram  of  the  connection  of  a  single-coil  transformer 
in  service.  The  constant-current  transformer  most  in  use  for  light- 
ing purposes  is  the  one  manufactured  by  the  General  Electric  Com- 
pany and  commonly  known  as  a  "tub  transformer".  Fig.  40  shows 
such  a  transformer  (double-eoil  type)  when  removed  from  the  case. 

Referring  to  Fig.  40,  the  fixed  coils  A  form  the  primaries  which 
are  connected  across  the  line;  the  movable  coils  B  are  the  secondaries 
connected  to  the  lamps.  There  is  a  repulsion  of  the  coils  D  by  the 
coils  A  when  the  current  flows  in  both  circuits  and  this  force  is  bal- 
anced by  means  of  the  weights  at  IT,  so  that  the  coils  B  take  a  posi- 
tion such  that  the  normal  current  will  flow  in  the  secondary.  On 
light  loads,  a  low  voltage  is  sufficient;  hence  the  secondary  coils  are 
close  together  near  the  middle  of  the  machine  and  there  is  a  heavy 
magnetic  leakage.  When  all  of  the  lamps  are  on,  the  coils  take  the 
position  shown  when  the  leakage  is  a  minimum  and  the  voltage  a 
maximum.  When  first  starting  uj),  the  transformer  is  short-circuited 
and  the  secondary  coils  are  brought  close  together.  The  short  cir- 
cuit is  then  removed  and  the  coils  take  a  position  corresponding  to 
the  load  on  the  hue. 

These  transformers  regulate  from  full  load  to  one-tliird  rated  load 
within  one-tenth  ampere  of  normal  current,  an<i  can  be  run  on  short 
circuit  for  several  hours  without  cn-erheating.  The  efficiency  is  given 
as  90  per  cent  for  100-light  transformers  and  94.()  per  cent  for  50-light 
transformers  at  full  load.  Tlie  power  factor  of  the  system  is  from 
76  to  7S  per  cent  on  full  load  and,  owing  to  the  great  amount  of  mag- 
netic leakage  at  less  than  full  loail — the  effect  of  leakage  being  the 
same  as  the  effect  of  an  inductance  in  the  primary  — the  power  factor 
is  greatly  reduced,  falling  to  02  per  cent  at  three-fourths  load,  44  per 
cent  at  one-half  load,  and  24  per  cent  at  one-fourth  load. 
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Standard  sizes  are  for  capacities  of  25,  35,  50,  75,  and  100 
enclosed  arcs  of  the  6.6  ampere  size  and  they  are  also  made  for  lower 
currents  in  the  neighborhood  of  3,3  amperes  for  incandescent  lamps. 
The  low  power  factor  of  such  a  system  on  light  loads  shows  that  a 
transformer  should  be  selected  of  such  a  capacity  that  it  will  be 
fully  or  nearly  fully  loaded  at  all  times.  The  primary  winding  can 
be  constructed  for  any  voltage  and  the  open-circuit  voltages  of  the 
secondaries  are  as  follows: 


25-light  transformer,  2300  volts 
35-    "  "  3200    " 

60-    "  "  4600    " 


The  50,-  75-,  and  100-ligbt  transformers  are  arranged  for  multiple- 
circuit  operation — two  circuits 
used  in  series — and  the  volt- 
ages at  full  load  reach  4100  for 
each  circuit  on  the  100-light 
machine. 

Constant  Potential  Trans- 
former and  Regulator  for  A.  C. 
Series  Circuits.  The  second 
system,  used  for  series  distri- 
bution on  alternating-current 
circuits,  consists  of  a  constant- 
potential  transformer,  step- 
ping down  the  line  voltage  to 
that  required  for  the  total 
number  of  lamps  on  the  s; 
tem  and  allowing  83  volts  for 
each  lamp.  In  series  with  the 
lamps  is  a  reactive  coil,  the  Fis- 
reactance  of  which  is  auto- 
matically regulated,  as  the  load  is  increased  or  decreased,  in 
order  to  keep  the  current  in  the  line  constant.  Fig.  41  sliows  such 
a  regulator  and  Fig.  42  shows  this  regulator  connected  in  circuit. 
The  inductance  is  varied  by  the  movement  of  the  coil  so  as  to  include 
more  or  less  iron  in  the  magnetic  circuit.  Since  the  inductance  in 
series  with  the  lamps  is  high  on  light  loads,  the  power  factor  is 


far  A.  C.  Series  EHstri- 
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greatly  reduced  as  in  the  constant-current  transformer;  and  the 
circuits  should,  preferably',  be  run  fuiiy  Ioade<l;  60  to  65  lamps  on 
a  circuit  is  the  usual  maximum  limit. 

While  used  primarily  for  arc-light  circuits,  the  same  sj-stems, 
designed  for  lower  currents,  are  very  readily  applied  to  series  incan- 
descent systems. 

Use  of  Mercvry  Arc  Rectifier  with  Flaming  or  Luminous  Arcs. 
The  introduction  of  certain  Haming  or  luminous  arcs  requiring 
direct  current  for  their  operation  has 
led  to  the  use  of  the  mercury  arc  rec- 
tifier in  connection  with  series  circuits 
on  alternating-current  systems.  A  con- 
stant-current transformer  is  used  to 
regulate  for  the  proper  constant  cur- 
rent in  its  secondary  winding  and  this 
secondary  current  is  rectified  by  means 
of  the  mereury  arc  rectifier  for  the 
lamp  cireuit.  In  the  recent  outfits  the 
rectifier  tubes  are  immersed  in  oil  for 
cooling.  While  this  rectifier  was  first 
introduced  for  the  operation  of  lumi- 
nous arc  lamps,  there  is  no  reason  why 
it  should  not  be  used  with  any  series 
lamp  requiring  direct  current,  provided 
the  system  is  designed  for  the  current 
taken  by  such  lamps.  With  this  sys- 
tem any  commercial  frequency  may  be 
used.  Sets  are  constructed  for  25-, 
.   51)-,  and  7.5-liglit  circuits.    They  have 

"       """ -«".-"..        ^  combined  efficiency-transformer  and 

rectifier-tulje,  of  So  to  90  per  cent,  and  operate  at  a  power  factor 
of  from  05  to  70  per  cent.  Fig.  43  gives  a  diagram  of  the  circuit 
and  rectifier  connections  used  with  a  single-tuiie  outfit. 

Multiple^Series  or  Series-Multiple  Systems.  Multiple-series  or 
Heries-multi]>le  systems  combine  se\'eral  lamps  in  series  and  these 
scries  groups  in  multiple,  or  several  lamps  in  multiple  and  these 
multiple  groups  in  series,  respectively.  'J'liey  have  but  a  limited 
application. 
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Multiple,  or  Parallel,  Systems.  Characteristics  of  System.  By 
far  the  largest  number  of  lamps  in  service  are  connected  to  parallel 
systems  of  distribution.  In  this  system,  the  units  are  connected 
across  the  lines  leading  to  the  busbars  at  the  station,  or  to  the 
secondaries  of  constant-potential  transformers.  Fig.  44  shows  a 
diagram  of  ten  lamps  connected  in  parallel.  The  current  delivered 
by  the  machine  depends  directly  on  the  number  of  lamps  connected 
iu  service,  the  voltage  of  the  system  being  kept  constant. 


Inasmuch  as  the  flow  of  current  in  a  conductor  is  always  accom- 
panied by  a  fall  of  potential  equal  to  the  product  of  the  current 
flowing  into  the  resistance  of  the  conductor,  the  lamps  at  the  end 
of  the  system  shown  will  not  ha\e  as  high  a  voltage  impressed  upon 
them  as  those  nearer  the  machine.  To  overcome  this  serious  obstacle 
in  multiple  systems,  variou-s  regulation  schemes  have  been  adopted. 

Methods  of  Jiegulatkm.      Tlie  regulating  systems  are  as  follows: 

(1)  Cylindriiiiil  condurtora,  [jar;illel  fpwlmn. 

(2)  Conical  conductors,  parallel  fcrding. 

(3)  Cylindrical  eoiiduotors,  aoliparallcl  feeding. 

(4)  Conical  conduclors,  onUpandlei  feeding. 
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In  the  cylindrical-conductor  parallet-feeding  system,  the  con- 
ductors AB  and  CD,  Fig,  44,  are  of  the  same  size  throughout  and 
are  fed  at  the  same  end  by  the  generator.  The  voltage  is  a  minimum 
at  the  lamps  E  and  a  maximum  at  the  lamps  F,  the  value  of  the 
voltage  at  any  lamp  being  readily  calculated. 

By  a  conical  or  tapering  conductor  is  meant  a  conductor  whose 
diameter  is  so  proportioned  throughout  its  length  that  the  current, 
divided  by  the  cross  section,  or  the  current  density,  is  a  constant 
quantity.  Such  a  conductor  is  approximated  in  practice  by  using 
smaller  sizes  of  wire  as  the  current  in  the  lines  becomes  less. 

In  an  antiparailel  system,  the  current  is  fed  to  the  lamps  from 
opposite  ends  of  the  system,  as  shown  in  Fig.  45, 


Fig.  45.    Autipsrallet  Feeding  Syitem 


Fig.  46.    Threo-Wira  Systoin 

Multiple- Wire  Systems.  In  order  to  take  advantage  of  a  higher 
voltage  for  distribution  of  power  to  the  lighting  circuits,  3-  and 
5-wire  systems  ha\e  been  introduced,  the  3-wire  system  being  used 
to  a  very  large  extent.  In  this  system,  three  conductors  are  used, 
the  voltage  from  each  outsi<le  conductor  to  the  middle  neutral 
conductor  being  the  same  as  for  a  simple  parallel  system.  Fig.  46 
gives  a  diagram  of  this.  By  tliis  -system  the  amount  of  copper  re- 
quired for  a  given  numlwr  of  lamps  is  from  five-sixteenths  to  three- 
eighths  of  the  amount  rifjuircd  for  a  2-wire  distribution,  depending 
on  tlie  size  of  tlie  neutral  conductor.  The  saving  of  copper  together 
witli  the  disadvantages  of  the  system  is  more  fully  treated  in  the 
paper  on  "Power  Transmission", 
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ILLUMINATION 


niumination  may  be  defined  as  the  quality  and  quantity  of 
light  which  aids  in  the  discrimination  of  outline  and  the  perception 
of  color.  Not  only  the  quantity,  but  the  quality  of  the  light,  as 
well  as  the  arrangement  of  the  units,  must  be  considered  in  a  com- 
plete study  of  the  subject  of  illumination. 

Unit  of  Illumination.  The  unit  of  illumination  is  the  foot  candle 
and  its  value  is  the  amount  of  light  falling  on  a  surface  at  a  distance 
of  one  foot  from  a  source  of  light  one  candle-power  in  value.  The 
law  of  inverse  squares — namely,  that  the  illumination  from  a  given 
source  varies  inversely  as  the  square  of  the  distance  from  the  source 
— shows  that  the  Uluminatiou  at  a  distance  of  2  feet  from  a  single 
candle-power  unit  is  .25  foot  candle.  For  further  consideration  of 
the  law  of  inverse  squares,  see  "Photometry",  p.  Ill, 

Illumination  may  be  classified  as  useful — when  used  for  the 
ordinary  purposes  of  furnishing  light  for  carrying  on  work,  taking 
the  place  of  daylight;  and  scenic — when  Used  for  decorative  lighting, 
such  as  stage  lighting,  etc.  The  two  divisions  are  not,  as  a  rule, 
distinct,  but  the  one  is  combined  with  the  other. 

Intrinsic  Brightness.  By  intrinsic  brightness  is  meant  the 
amount  of  light  emitted  per  unit  surface  of  the  light  source.  Table 
X  gives  the  intrinsic  brightness  of  several  light  sources. 

Regular  Reflection.  Regular  reflection  is  the  term  applied  to 
reflection  of  light  when  the  reflected  rays  are  parallel.  It  is 
of  such  a  nature  that  the  image  of  the  light  sourc-e  is  seen  in 
the  reflection.  The  reflection  from  a  plane  mirror  is  an  example 
of  this.  It  is  useful  in  lighting  in  that  the  direction  of  light 
may  be  changed  without  complicating  calculations  aside  from 
deductions  necessary  to  compensate  for  the  small  amount  of  light 
absorbed. 

Irregular  Reflection.  Irregular  reflection,  or  diffusion,  consists 
of  reflection  in  which  the  reflected  rays  of  light  are  not  parallel  but 
take  varicjus  directions,  thus  destroyij-g  the  image  of  the  light  source. 
Rough  unpolished  surfaces  give  such  reflection.  Smooth  unpolished 
surfaces  generally  gl\e  a  combination  of  two  kinds  of  reflection. 
Difl"used  reflection  is  very  important  in  the  study  of  illumination 
imismuch  as  diffused  light  plays  an  important  part  in  the  lighting  of 


Digitized  by  VwjOOQIC 


ELECTRIC  LIGHTING 

TABLE  X 
Intrinsic  Brightness  of  Light  Sources 


Moore  tube 

Froat«d  incandescent 

Candle 

Gas  flame 

Oil  lamp. 

Cooper-Hewitt  lamp 

Welabach  gas  mantle 

Acetylene 

Enclosed  A.  C.  arc 

Enclosed  D.  C.  arc 

Incandescent  lamps 

Carbon  3.5  watts  per  candle 

Carbon  3.1  watts  per  candle 

Metallized  carbon  2,5  watts  p^r  candle. 

Tantalum  2.0  watts  per  candle 

Tungatea  1.25  watts  per  candle 

Tungsten  1.15  watts  per  candle 

Nernst  1,5  waits  per  candle 

Sun  on  horizon 

Flaming  arc 

Open  arc  lamp 

Open  arc  crater 

Sun  30°  above  horizon 

Sun  at  zenith 


5000 

0,000-50,000 

200,000 

600,000 

600,000 


interiors.  This  form  of  reflection  is  seen  in  many  photometer  screens. 
Light  is  also  diffused  when  pa.s.sing  through  semitransparent  shades 
or  screens. 

In  considering  reflected  light,  we  find  that,  if  the  surface  on 
which  the  light  falls  is  colored,  the  reflected  light  may  be  changed  in 
its  nature  by  the  absorption  of  some  of  the  colors.  Since,  as  has  been 
said,  the  reflected  light  in  interior  lighting  forms  a  large  part  of  the 
source  of  illumination,  this  illumination  will  depend  upon  the  nature 
and  the  color  of  the  reflecting  surfaces. 

WTienever  Iiglit  is  reflected  from  a  surface,  either  by  direct  or 
diffused  reflecti()n,  a  certain  amount  of  light  is  absorbed  by  the  sur- 
face. Table  XI  gives  the  amount  of  white  light  reflected  from  difi'er- 
ent  materials. 

l''nim  this  tabic  it  is  seen  that  the  light-colored  papers  reflect  the 
light  well  but,  of  the  darker  colors,  only  yeHow  has  a  comparatively 
high  ctH'fficit'iit  of  reflection.  Black  velvet  has  the  lowest  value  but 
this  only  holds  wlien  the  material  is  free  from  dust.     Rooms  with 
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TABLE  XI 

Relative  Reflecting  Power 


White  blotting  paper. 
White  cartridge  paper. 

Chrome  yellow  paper. 

Orange  paper 

Yellow  wall  paper.  . .  . 

Lizht  pink  paper 

Yellow  cardboard. .  .  . 
Light  blue  cardboard . 
Emerald  green  paper. . 
Dark  bro^n  paper.  . ,  . 

Vermilion  paper 

Blue-green  paper 

Black  paper 

Black  cloth 

Black  velvet 


dark  walls  require  a  greater  amount  of  illuminating  power,  as  will  be 
seen  later. 

RESIDENCE  LIGHTING 

Types  of  Lamps.  The  lamps  used  for  residence  lighting  are 
limited  to  the  less  powerful  units — namely,  carbon  or  tungsten 
lamps  varying  in  candle-power  from  8  to  40  per  unit.  These  should 
always  be  shaded  so  as  to  keep  the  intrinsic  brightness  low.  The 
intrinsic  brilliancy  should  seldom  exceed  2  to  3  candle-power  per 
square  inch  and  its  reduction  is  usually  accomplished  by  appropriate 
shading.  Arc  lights  are  so  powerful  as  to  be  uneconomical  for  small 
rooms,  while  the  color  of  the  mercury-vapor  light  is  an  additional 
objection  to  its  use. 

Plan  of  Illumination.  Lamps  may  be  selected  and  so  located  as 
to  give  a  brilliant  and  fairly  uniform  illumination  in  a  room;  but  this 
is  an  uneconomical  scheme  and  the  one  more  commonly  employed 
is  to  furnish  a  uniform,  though  comparati\'ely  weak,  ground  illumi- 
nation and  to  reinforce  this  at  points  where  it  is  necessary  or  desir- 
able. The  latter  plan  is  satisfactory'  in  almost  all  cases  and  the  more 
economical  of  the  two. 

While  the  use  of  units  of  different  power  is  to  be  recomraende<i, 
where  desirable,  lights  differing  in  color  should  not  be  used  for  lighting 
the  same  room.    As  an  exaggerated  case,  the  use  of  arc  lamps  with 
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incandescent  lamps  might  be  mentioned,  the  arcs  being  so  much 
whiter  than  the  incandescent  lamps  that  the  latter  appear  distinctly 
yellow  when  the  two  are  viewed  at  the  same  time. 

Calculation  of  Illumination.  Poitiir^y- Point  Method.  In  deter- 
mining the  value  of  illumination,  not  only  the  candle-power  of  the 
units  but  the  amount  of  reflected  light  must  be  considered  for  the 
given  location  of  the  lamps.  Following  is  a  formula  based  on  the 
coefficient  of  reflection  of  the  walls  of  the  room,  which  serves  for  pre- 
liminary calculations: 

,         ''^^ 

I  is  Illumination  in  foot  candles;  c.p.  is  candle-power  of  the  unit;  k  is 

coefficient  of  reflection  of  the  walls ;  d  is  distance  from  the  unit  in  feet. 

•  Where  several  equal  units  are  used,  this  formula  becomes 


\d^  ^  d,'^  (/.=  ^  Jl- 


where  d,  dj,  (I3,  etc.,  equal  the  distances  from  the  point  considered  to 
the  various  light  sources.  If  tlie  lamps  are  of  different  candle-power, 
the  illumination  may  be  determined  by  combining  the  illumination 
fr<im  each  source  as  calculated  separately.  An  example  of  calcula- 
tion is  given  on  page  64. 

Correction  for  Angle  of  Lights  vith  Plane  of  Illumination.  The 
above  method  is  not  strictly  accurate  because  it  does  not  take 
account  of  the  angle  at  which  the  lifiht  from  each  one  of  the  sources 
strikes  the  assumed  plane  of  illumination.     If  the  ray  of  light  is 

perpendicular  to  the  plane,  the  formula  J  =  ~Tr  gives  correct  values. 

If  a  is  the  angle  which  the  ray  of  lifjlit  makes  with  a  line  drawn  from 
tJie  light  source  jHTpendicuIar  to  the  assumed  plane,  then  the 
formula  becomes 

d'' 
Therefore,  by  multipljiug  the  candle-power  value  of  each  light  source 
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ID  the  direction  of  the  illuminated  point  by  the  cosine  of  each  angle 
a,  a  more  accurate  result  will  be  obtained. 

It  13  readily  seen  that  the  effect  of  reflected  light  from  the 
ceilings  is  of  more  importance  than  that  from  the  floor  of  a  room. 
The  value  of  fc,  in  the  above  formula,  will  vary  from  60  per  cent  to 
10  per  cent,  but  for  rooms  with  a  fwrly  light  finish  50  per  cent 
may  be  taken  as  a  good  average  value. 

Amouvi  of  Light  Necessary.  The  amount  of  illumination  will 
depend  on  the  use  to  be  made  of  the  room.  One  foot  candle  gives 
sufficient  illumination  for  easy  reading,  when  measured  normal  to 
the  page,  and  probably  an  illumination  of  .5  foot  candle  on  a  plane 
3  feet  from  the  floor  forms  a  sufficient  ground  illumination.  The 
illumination  ffom  sunlight  reflected  from  white  clouds  is  from  20 
foot  candles  up,  while  that  due  to  moonlight  is  in  the  neighborhood 
of  .03  toot  candle.  It  is  not  possible  to  produce  artificially  a  light 
equivalent  to  daylight  on  account  of  the  great  amount  of  energy  that 
would  be  required  and  the  difficulty  of  obtaining  proper  diffusion. 

The  method  of  calculating  the  illumination  of  a  room  that  has 
just  been  described  is  known  as  the  poiiit-by-point  method  and  it 
gives  very  accurate  results,  if  account  is  taken  of  the  angle  at  which 
the  light  from  each  source  strikes  the  plane  of  illumination  and  if 
the  light  distribution  curves  of  the  units  and  the  value  of  k  have 
been  carefully  determined.  Under  these  conditions,  however,  the 
calculations  become  extended  and  complicated,  and  methods  only 
approximate,  but  simpler  in  their  application,  are  being  introduced. 
One  method,  which  gives  good  results  when  applied  to  fairly 
large  interiors,  makes  the  flux  of  light  from  the  light  sources  the  basb 
of  calculation  of  the  average  illumination. 

Flux  of  Light  Method.  Flux  of  light  is  measured  in  lumens  and 
a  lumen  is  the  amount  of  light  which  must  fall  on  one  square 
foot  of  surface  in  order  to  produce  a  uniform  illumination  of  an 
intensity  of  one  foot  candle.  A  source  of  light  giving  one  candle- 
power  in  every  direction  and  placed  at  the  center  of  a  sphere  of  one 
foot  radius  would  give  an  illumination  of  one  foot  candle  at  every 
point  in  the  surface  of  the  sphere  and  the  total  flux  of  light  would 
be  4t,  or  12.57  lumens,  since  the  area  of  the  sphere  would  be  4ir, 
or  12.57  square  feet.  A  lamp  giving  one  mean  spherical  candle- 
power  gives  a  flux  of  12,57  lumens  and  the  total  flux  of  light  from 
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any  soiuce  is  obtuned  by  multiplying  its  mean  apherical  candle- 
power  by  12.57.  In  calculating  illumination  it  is  customary  to 
detennine  the  illumination  on  a  plane  about  30  inches  from  the 
floor  tor  desk  work,  and  about  42  inches  from  the  floor  for  the  dis- 
play of  goods  on  counters.  If  we  determine  the  total  number  of 
lumens  falling  on  this  plane  and  divide  this  number  by  the  area  of 
the  plane,  we  obtain  the  average  illumination  in  foot  candles.  This 
of  course  tells  us  nothing  about  the  maximum  or  minimum  value  of 
the  illumination  and  such  values  must  be  obtained  by  other  methods, 
If  they  are  desired.  Reflected  light,  other  than  that  covered  by  the 
distribution  curve  of  the  light  unit  including  its  reflector,  is  usually 
neglected  in  this  method  of  calculation. 

We  may  assume  that  in  large  rooms  the  light  coming  from  the 
lamp  within  an  angle  of  75  degrees  from  the  vertical  reaches  the 
plane  of  illumination.  In  smaller  rooms  this  angle  should  be  reduced 
to  about  60  degrees.  In  order  to  determine  the  flux  of  light  within 
this  angle  a  Rousseau  diagram,  which  is  described  later,  should  be 
drawn.  By  means  of  this  diagram  the  average  candle-power  of 
the  light  source  within  the  angle  assumed  may  be  readily  determined, 
and  this  mean  value,  multiplied  by  12.57,  will  give  the  flux  of  light 
in  lumens.  This  method  of  calculation,  together  with  some  guides 
for  its  rapid  application,  is  described  by  Messrs.  Cravath  and  Lan- 
singh  in  Transactions  of  the  Illuminating  Engineering  Society:  1908, 
The  same  authorities  give  the  following  useful  data: 

To  determine  the  watts  required  per  square  foot  of  floor  area, 
multiply  the  intensity  of  illumination  desired  by  the  constants  given, 
as  follows: 

INTENSITY  CONSTANTS  FOR  INCANDESCENT  LAMPS 

TungsUm  Imnps  rateil  at  1.25  wiilts  jx^r  liorizonUil  camile-power;  clear 
liriHrniitic  reflec;tors,  either  buwl  or  coiicentrtkting;  Urge  room;  tight 

ceiling;  dark  walls;  lamps  pendant;  height  from  8  to  IS  feet 25 

Same  with  very  liifht  wuIIh 20 

TunRs'tpn  lamps  rated  at  1.25  waits  i>cr  horizontal  candle-power;  pris- 
matic  bowl   refleelora   enamclai;   larne   room;   liglil   ceiling;   dark 

walla;  ImnpK  jienduni,  height  from  S  to  1.5  f(-<.'t 29 

Same  with  very  lifiht.  whUm .23 

Ciom  luiii]>H  rii1i-<l  at  2..'>  wuttx  per  horixoiilul  caii<llc-iK)wcr;  clear  priii- 
miitic   iH  lee  lor;',  either   oonocnlnitinR   or   bowl;   larne   room;   light 

neiliiiE;  dark  walLi;  himpM  pendant;  height  from  8  to  15  feet 55 

Same  with  very  light  walls 45 
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Carbon  filament  lamps  rated  at  3.1  watts  per  horiEontal  candle-power; 
clear  prismatic  reflectors,  either  bowl  or  concentrating;  light  ceiling; 

dark  walls;  large  room;  lamps  pendant;  haght  from  8  to  15  feet 65 

Same  with  very  light  walk 55 

Bare  carbon  filament  lamps  rated  at  3.1  watts  per  horizontal  candle- 
power;  no  reflectors;  large  room;  very  light  ceiling  and  walls;  hei^t 

from  10  to  14  feet 75tol.fi 

Same;  small  room;  medimn  walla 1.25  to  2.0 

Carbon  filament  lamps  rated  at  3.1  watts  per  bomontal  candle-power; 
opal  dome  or  opal  cone  reflectors;  light  ceiling;  dark  walls;  lai^e 

room;  lamps  pendant;  height  from  8  to  15  feet 70 

Same  with  light  walls 60 

INTENSITY  CONSTANTS  FOR  ARC  LAMPS 

5-ampere,  enclosed  direct-current  arc  on  110-volt  circuit;  clear  inner, 
opal  outer  globe;  no  reflector;  large  room;  light  ceiling;  medium 
walls;  height  from  9  to  14  feet 50 

Lighting  Arrangement.  An  arrangement  of  lamps  giving  a  uni- 
form illumination  cannot  well  be  applied  to  residences  on  account 
of  the  number  of  units  required  and  the  inartistic  effect.  We 
are  limited  to  chandeliers,  side  lights,  or  ceiling  lights,  in  the 
majority  of  cases,  with  table  or  reading  lamps  for  special  illumi- 
nation. 

When  ceiling  lamps  are  used  and  the  ceilings  are  high,  some 
form  of  reilector  or  reflector  lamp  is  recommended.  In  any  ea.se 
where  the  coefficient  of  reflection  of  the  ceilings  is  less  than  40  per 
cent,  it  is  more  economical  to  use  reflectors.  When  lamps  are 
mounted  on  chandeliers,  the  illumination  is  far  from  uniform,  being 
a  maximum  In  the  neighborhood  of  the  chandelier  and  a  minimum 
at  the  corners  of  the  room.  By  combining  chandeliers  with  side 
lights  it  is  generally  possible  to  get  a  satisfactory  arrangement  of 
lighting  for  small  or  medium-sized  rooms. 

As  a  check  on  the  candle-power  in  lamps  required,  we  have  the 
following: 

Illumination  of  Room  for  Different  Arrangements  of  iMmps.  As 
an  example  of  the  calculation  of  the  illumination  of  a  room  with 
different  arrangements  of  the  units  of  light,  assume  a  room  16  feet 
square,  12  feet  high,  and  with  walls  having  a  coefficient  of  reflection 
of  50  per  cent.  Consider  first  the  illumination  on  a  plane  3  feet 
above  the  floor  when  lighted  by  a  single  group  of  lights  mounted  at 
the  center  of  the  room  3  feet  below  the  ceiling.     If  a  minimum  value 
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of  .5  foot  candle  is  required  at  the  corner  of  the  room,  we  have  the 
equation  {point-by-point  method) 


.5=c.  p. 


:  X 


1 
1-.5 


s!nce(i  =  V8'-|-8^-|-6^=12.8  (See  Fig.  47). 
Solving  for  the  value  of  c.  p.,  we  have 

c.p.  =  — ^^=.5X82  =  41 
l64^  .5 
Three    16-candIe-power    lamps    would 
serve  this  purpose  very  well. 

To  determine  the  illumination  directly 
under  the  lamp,  we  have 


7  =  48X 


1 


^X2  =  2.7ft.-candle5. 


1  -.5     36 
This  value  is  five  times   the  value  of  the  illumination  at  the 

of  the  room. 

Next  consider  four  8-caiidle-power  lamps  located  on  the  side 
walls  8  feet  above  the  floor,  as  shown  in  Fig.  48.     Calculating  the 
illumination   at  the  center  of  the  room  on  a 
®      ^  .1   plane  3  feet  above  the  floor,  we  have 


/  = 


g/'l    I    1    I    1    I    1\     1 
\,89     89     89     89/1-.5 

rf'=8'+5»=64+25  =  89 
7=8X— X2  =  .72  foot  candle 


'<  The  illumination  at  the  comer  of  the  room 

T   would  be 

;  V.S9     89     345      345/1-.5 

In  a  similar  manner  the  illumination  may  be  calculated  for  any 
point  in  the  room  or  a  series  of  points  may  be  taken  and  curves 
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TABLE  XII 
A  Typical  Residence  Installation 


Ro™ 

NoorL.o»n 

Gu.«E«„B«,.Le™« 

Rmahkb 

IlttU  (front) 
10'X4'  6' 

I  10-watt  Mazda 

Opaleacent    enclosing 
gtobe 

Walls    diirk     green, 

ceiling  white 
Lamp  7'  above  floor 

Living  room 
13'X14' 

1  60-waU  Mazda 

2  15-watt  Mazda 
portable 

Semi-indireet  opales- 
cent bowl 

Walla    dark    green, 

ceiling  white 
Lamp     7'-6'    above 

floor 

Dmuigroom 

1  60-watt  Mazda 
3  15-watt  Mazda 

Dome  with  silk  difTiiH- 
ing     screen     under- 
neath 

Biirk  of  art-glass  win- 

Lamp  4'-9'     from 
floor 

Den  irxiff 

1  lOO-walt  Mazda 
1    25-watt    desk 

Total   indirect   light- 
ing fixture 

Walls    dark     green, 
ceiling  white 
Lamp  7'-3'   above 
floor 

Pantry 

1  15-watt  Mazda 

cent  bowl 

Walls    buff,    ceiUng 
white 

HaU{rear) 

1  15-watt  Mazda 

Lamp    frosted,     opa 
shade 

Lamp    7'-G'    above 
floor 

Bathroom 
9'X6' 

1  25-watt  Mazda 
1  25-walt  Mazda 

Opalescent    glass, 
bowl-shaped  reflcet- 

Metal  rcflcetor 

Bracket  lamp   5'-6* 
from  floor 

Mounted    at    right 
of  mirror 

Bedroom 
lO'XU' 

1  15-watt  Mazda 
1  40-watt  Mazda 

shade 
Deep   bowl -shaped 
diffusing  shade 

Bracket  lamp 

Ceiling    lamp    7-'8' 
above  floor 

Kitchen 

9'Xll' 

1  40-watt  Mazda 

Extensive     prismatic 
reflector 

Lamp    7'-6'    from 
floor 

plotted,  showing  the  distrihution  of  the  light  as  wt-ll  as  tlie  areas 
having  the  same  illumination.  Where  refined  calculations  are 
desired,  the  correct  distribution  curve  of  the  lamp  must  be  made 
use  of  in  order  to  determine  the  candle-power  in  difTerent  directions 
in  the  room. 

Illumination  Calculatixma  After  Lights  Are  Installed.  By  means 
of  the  Weber,  or  some  other  form  of  portable  photometer,  curv'es  as 
plotted  from  calculations  may  be  readily  checked  after  the  lamps 
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are  installed.  When  lamps  are  to  be  permanently  located,  the 
question  of  illumination  becomes  an  important  one  and  it  may  be 
desirable  to  determine,  by  calculation,  the  illumination  curves  for 
each  room  before  installing  the  lamps.  This  applies  to  the  lighting 
of  large  interiors  more  particularly  than  to  residence  lighting.  The 
point-by-point  method  of  calculation  is  used  for  very  accurate  work 
when  the  system  of  illumination  admits  of  this  method.  Other 
methods  are  often  simpler  and  sufficiently  accurate  for  practical 
work. 

Typical  Arrangement  for  Small  Residence.  In  house  lighting 
the  decorative  element  predominates,  yet  the  illumination  should  be 
satisfactory  and  the  system  should  be  economical  in  its  operation. 
As  typical  of  a  satisfactory  and  inexpensive  lighting  system  in  a 
small  residence.  Table  XII,  compiled  for  an  article,  by  Mr.  A.  L. 
Powell,  published  in  the  Transactions  of  the  Illuminating  Engineer- 
ing Society,  h  given. 

Rules  for  Good  Residence  Illumination.  Before  passing  on  to 
the  subject  of  the  lighting  of  larger  interiors  it  would  be  well  to  call 
attention  to  some  of  the  salient  points  of  good  lighting  as  they  are 
set  forth  In  the  little  primer  on  illumination,  "Light:  Its  L'se  and 
Misuse",  published  by  the  Illuminating  Engineering  Society,  New 
York  City,  as  these  principles  apply  very  directly  to  the  plans  for 
residence  lighting  systems: 

Illumination  cannot,  be  judged  by  the  brightneaa  of  lampa. 

Flickering  BOiircca  of  light  arc  to  be  avoided. 

The  eyes  should  not  be  subjected  to  an  unshaded  lamp. 

Light  should  come  from  above  (he  eyes,  not  from  below  or  on  a  level  with 
the  eyea. 

Place  lamps  so  that  one  docs  not  have  to  face  them  when  reading. 

Do  not  use  u  bright  light  against,  a,  dark  background. 

Do  not  use  local  lightii^  alone;  jirovidc  for  a  general  illumination  and 
th^n  aild  local  ligliting  oa  needed. 

I  se  caje  in  the  selection  of  refleclorH.  Mo<iem  globes  and  reflectors  are 
scicnlifically  designcil  for  given  condition-'  and  should  he ust-el  aa planned  by  their 
makers. 

Liglit  walls  and  lightly   tinted  ahules    irc  preferred. 

Most  work  can  be  carried  on  with  an  dlumuiation  of  from  2  to  3  foot  candks 
Fim^print  reading  and  sewing  rcfiuirc  pi  rhaps  5  toot  candles.  From  7  to  10 
foot  candles  is  ample  for  drafting,  engraving,  etc 
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LIQHTINQ  OF  PUBLIC  HALLS,  OFFICES,  ETC. 

Variations  from  Residence  Problem.  lighting  of  public  halls 
and  other  large  interiors  differs  from  the  ilhimination  of  residences 
in  that  there  is  usually  less  reflected  light;  and,  again,  the  distance 
of  the  light  sources  from  the  plane  of  illumination  is  generally 
greater,  if  an  artistic  arrangement  of  the  lights  is  planned.  This  in 
turn  reduces  the  direct  illumination.  The  primary  object  is,  how- 
ever, as  in  residence  lighting,  to  produce  a  fairly  uniform  ground 
ilhimination  and  to  superimpose  a  stronger  illumination  where 
necessary.  An  illumination  of  .5  foot  candle  for  the  ground  illum- 
ination may  be  taken  as  a  minimum. 

Use  of  Larger  Viicts.  In  the  lighting  of  large  rooms  it  is  per- 
missible to  use  larger  light  units,  such  as  arc  lamps  and  high  candle- 
power  incandescent  units,  while  for  factory  lighting  and  diafting 
rooms,  where  the  a»lor  of  the  light  is  not  so  essential,  the  Cooper- 
Hewitt  lamp  is  being  employed.  High  candle-power  reflector  lamps, 
such  as  the  tungsten  lamp,  are  being  used  to  a  large  extent  for 
offices  and  drafting  rooms. 

Cholceof  Tyiietif  IJnif.  The --hoice  of  the  type  of  lamp  depends 
on  the  nature  of  the  work.  Where  the  light  must  be  steady,  incan- 
descent lamps  are  to  Iw  preferred  to  the  arc  or  vapor  lamps,  though 
the  latter  are  often  the  more  efficient.  Wh^n  arcs  are  used,  they 
must  be  carefully  shaded  so  as  to  diffuse  the  light — doing  away  with 
the  strong  shadows  <lue  to  portions  of  the  lamp  mechanism — and 
to  reduce  the  intrinsic  brightness.  Such  shading  will  be  taken  up 
under  the  heading  "Shades  and  llefiectors".  Arcs  are  sometimes 
preferable  to  incandescent  lamps  when  colored  objec-ts  are  to  lie 
illuminated,  as  in  sttires  and  display  windows,  but  the  color  of  the 
♦ungsten  lamp  is  a  groat  iniprownient  over  the  carbon  lamps  pre- 
viously used. 

Location  of  Lights.  In  hKating  lani])s  for  this  class  of  lighting, 
much  depends  on  the  nature  of  the  building  and  on  the  degree  of 
economy  to  be  nl)served.  For  preliminary  deterniinafiori  of  the 
location  of  groups,  or  the  ilhnnination  when  c-ertain  arrangement 
of  the  units  is  assumed,  the  principles  ontluied  under  "Residence 
Lighting"  may  be  applied.  It  has  Iiccn  found  that  actual  measure- 
ments show  results  approximating  closely  .such  calc  iilatc<l  values. 
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Area.  When  arcs  are  used  they  should  be  placed  fairly  high — 
20  to  25  feet  wlieii  used  for  general  illumination  and  when  the 
ceilings  are  liigh.  They  should  be  supplied  with  reflectors  so  as  to 
utilize  the  light  ordinarily  thrown  upwards.  When  used  for  drafting- 
room  work,  they  should  be  suspended  from  12  to  15  feet  above  the 
floor,  and  special  care  must  be  taken  to  diffuse  the  light, 

Incandescents.  Incandescent  lamps  may  be  arranged  In  groups, 
either  as  side  lights  or  mounted  on  chandeliers,  or  they  may  be 
arranged  as  a  frieze  running  around  the  room  a  few  feet  below  the 
ceiling.  The  last  named  arrangement  of  lights  is  one  that  may  be 
made  artistic,  but  it  is  uneconomical  and  when  used  should  ser\'e 
for  the  ground  illumination  only.  Reflector  lights  may  be  used  for 
this  style  of  work  and  the  lights  may  be  entirely  concealed  from  view, 
the  reflecting  property  of  the  walls  being  utilized  for  distributing 
the  light  where  Tieeded. 

Ceiling  Lights.  Celling  lights  should  preferably  be  supplied 
with  reflectors,  especially  when  the  ceilings  are  high. 

Indirect  Lighting.  Indirect  lighting  is  employed  to  some  extent. 
By  indirect  lighting  we  mean  a  system  of  illumination  in  which  the 
light  sources  are  concealed  and  the  light  from  them  is  reflected  to 
the  room  by  the  walls,  or  ceilings,  or  other  surfaces;  or  in  which  the 
light  sources  are  placed  above  a  diffusing  panel.  In  the  latter  case 
the  diffusing  plate  appears  to  he  the  source  of  light.  In  some  cases 
the  walls  themselves  are  shaped  and  constructed  so  as  to  form  the 
reflectors  for  the  light  units  (co\e  lighting),  but  in  others  all  of  the 
reflecting  surfaces,  except  the  side  walls  and  ceiling,  are  made  por- 
tions of  the  lamp  fixtures. 

Semi-Indirect  Lighting.  Semi-indirect  fixtures  are  now  avail- 
able. These  allow  a  portion  of  the  light  to  be  diffused  and  thrown 
directly  on  the  plane  to  be  illuminated  but  a  large  portion  of  the 
light  is  thrown  to  the  ceiling,  or  to  a  special  reflector  taking  the 
place  of  the  ceiling,  and  from  there  reflected  to  the  points  where 
the  light  is  required.  Fixtures  of  this  nature  will  be  illustrated  in 
the  section  on  shades  and  reflectors.  The  following  points  may  be 
noted  when  tonsidcring  direct,  semi- indirect,  and  indirect  systems  of 
lighting: 

Direct  vs.  Indirect  Lighting.  Direct  systems  are  usually  the 
most   economical;    semi-indirect   next;    and   indirect   systems   the 
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least  economical  for  a  given  illumination.  The  matter  of  uniform 
illumination  follows  the  reverse  order,  direct  lighting  giving  the 
least  uniform  effects.  The  disadvantage  of  the  indirect  systems 
comes  from  the  loss  of  light  through  the  agency  of  the  required 
reflecting  surfaces.  There  is  also  a  possibility  in  indirect  systems  of 
lighting  of  too  uniform  and  too  shadowless  an  illumination,  the  effect 
of  which  is  very  trying  on  the  eyes.  Experiments  show  that  a 
system  using  about  15  per  cent  of  the  light  as  coming  directly  from 
the  light  source  is  more  satisfactory  than  totally  indirect  systems 
for  the  average  installation. 

For  indirect  systems  the  ceilings  should  be  very  light  in  color; 
with  clean  white  calcimine  ceilings  the  coefficient  of  reflection  will 
vary  from  73  to  78  per  cent, 
depending  upon  the  angle  at 
which  the  light  strikes  the  ceiling, 
and  the  condition  of  the  surface, 
whether  rough  or  smooth.  Fig. 
49  shows  a  distribution  curve 
for  a  light  unit  which  is  con- 
sidered 83  ideal  for  semi-indirect 
lighting.  Distribution  curves  as 
obtained  in  practice  will  be  illus- 
trated in  the  section  covering 
shades  and  reflectors. 

Mediods  of  Cakulating  iriu- 
tninatioiL  The  methods  of  calcu- 
lating illumination  or  of  determining  the  lamps  required  to  give  a 
certain  illumination  are  not  different  from  those  already  outlined  in 
connection  with  residence  lighting.  The  point-by-point  method 
may  be  used,  and,  with  the  aid  of  properly  prepared  tables  of  con- 
stants, cosines,  etc.,  the  work  is  rendered  less  burdensome,  but  the 
flux-of-light  method  involves  less  of  numerical  calculation  and  gives 
excellent  results  in  the  majority  of  cases.  Of  the  various  methods 
of  procedure  which  might  be  followed  in  making  calculations  by  the 
8ux-of-light  method  only  one  will  be  illustrated  here. 

Typicai  Calculation  hy  Flvx-of-Ligkt  Method.  Assume  a 
room  40*  by  80',  ceiling  15'  high,  with  medium  light  walls  and  ceil- 
ings to  be  lighted  with  an  average  intensity  of  3  foot  candles  on  a 
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33 
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plane  of  illuminatioii  2J  feet  from  the  floor.  There  will  be  required 
3X40X80,  or  9600  effective  lumens.  The  relation  between 
efTective  lumens  and  total  lumens  of  light  sources  must  next  be 
known  in  order  that  we  may  find  the  total  lumens  to  be  given  by 
alt  of  the  lamps.  ,  Table  XIII  gives  very  useful  data  in  this  con- 
nection (Mazda  lamps  assumed). 

Likewise,  in  order  to  get  the  total  candle-power  rating  of  our 
required  lamps,  we  must  know  the  total  lumens  given  by  the  dif- 
ferent sizes  of  units.    These  values  are  given  in  Table  XIV. 

TABLE  XIV 


lUtrng 

Total  Lumeo,,. 

189 

40 

323 

505 

1.50 

1202 

250 

2195 

:J512 

500 

4390 

A  refleetor,  say  of  the  dear  prismatic  type,  must  first  be  as- 
iuini'd;  tht'n  from  Talile  XIII  wc  see  that  for  such  a  reflector 
with    medium  walls   and   ceilings,  only  48  per   cent  of  the  total 
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TABLE  XV 

Required  Intensity  of  Illumination 


PlMe  to  be  LishUd 

Foot  Candl™ 
Kequircd 

1     —    3 
3—5 

.5  —    1 
.75—     1.5 
5—10 
2—5 
5—10 
2—3 
4—5 
1     —    1.5 
2—3 
1.25—    2.5 
2—3 
3—4 
1.5  —    2.5 
2—5 
I     —    3 

1  —    3 

2  —    3.5 
4—5 
4—7 
5—20 
2—3 
2—5 
1,5  —     2.5 
1.5  —     2 
1.5  —     2 

CorridorB,  halla 

Desk  lighting. 

Factories,  general,  where  individuai  drops  are  lued 

Kcsidencea     . . 

lumens  ore  effective;  tlierefore  the  total  lumens  must  Iw  the 
required  lumens,  9(>00,  divided  by  0.4S,  or  20,000  lumens.  By 
dividing  the  total  of  2(),(XX)  by  the  tiital  lumens  of  each  size  (if 
lamp  we  can  get  the  required  numlxT  of  lamps  of  that  rating  which 
will  be  required. 

For  uniform  illumination  a  large  number  of  small  units  should 
be  used,  but  local  conditions  an<i  first  cost  of  installation  are  im- 
portant points;  and  the  remain<ier  of  this  problem  will  be  considerwi 
on  the  assumption  that  Ki  outlets  are  provide<l,  each  fitted  with  a 
150  c.  p.  unit,  and  that  the  outlets  are  iniifornily  spaced,  the  dis- 
tance between  the  lamps  beinf;  14  feet.  Of  the  prismatic  reflector 
selected  there  are  three  typ<'s  and  the  type  of  reflector  and  the 
proper  mounting  height  remain  to  be  determined.  The  ratio  of 
mounting  height  to  distance  between  lamps  Is  given  for  the  thnr 
types  of  reflector  as  follows:  extensive,  1-2;  intensive,  4-.');  focusing, 
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TABLE  XVI 

Cooper- Hewitt  Lamps 


Foundry 

10-15  ft. 

300 

900 

20-25  ft. 

700 

2250 

Machine  shop 

10-15  ft. 

300 

500 

Erecting  shop 

20-30  ft. 

700 

1250 

Drafting  room 

15        ft. 

300 

300 

Drafting  room 

20        ft. 

700 

400 

10-15  ft. 

Offices 

20-25  ft. 

700 

750 

Ordinary  labor 

10-15  tt. 

300 

1100 

Ordinary  labor 

700 

2750 

4-3.  Extensive  reflectors  would  be  mounted  9.5  feet  from  the 
floor,  which  might  perhaps  be  too  low.  Focusing  reflectors  could 
not  be  used  to  ad\aTitage  and  intensive  reflectors  should  be  mounted 
ISJ  feet  above  the  floor;  hence  the  intensive  type  of  reflector 
works  out  to  tlie  best  advantage  for  our  assumed  installation. 

Required  Illumination  for  Different  Locations.  As  a  guide  to 
good  illumination  values  to  be  assumed  for  different  types  of  in- 
teriors, the  following  table.  Table  XV,  may  be  used. 

In  general,  the  greater  the  candle-power  of  the  unit  used  the 
higher  tlie  units  must  be  mounted  to  give  good  lighting  effects. 
For  illuminating  interiors  with  arc  lamps,  the  specific  distribution 
curve  of  the  unit — curves  of  the  term  shown  in  connection  with  the 
section  on  arc  lamps — should  be  known  and  the  point-by-point 
metliod  of  calculation  can  be  used,  or  the  number  of  lumens  within 
the  useful  angle  can  be  calculated  by  means  of  the  Rosseau  diagram, 
p.  124  and  the  flux-of-Hght  method  p.p.  62  and  69.  Table  XVI 
gives  some  useful  information  covering  the  mercury  vapor  lamp 
and  Table  XVII  is  a  guide  to  the  use  of  ordinary  arc  lamps.  Refer- 
ence should  be  made  to  Table  IX  for  a  comparison  of  ordinary  arcs 
with  tlie  newer  types. 

In  factory  and  drafting-room  lighting,  the  lamps  must  be 
arranged  to  gi\c  a  strong  light  where  most  needed,  and  located  to 
prevent  such  shadows  as  would  interfere  with  the  work. 

Special  Cases.  If  space  pcrmittal,  the  details  of  lighting 
systems  covering  rooms  used  for  a  wide  variety  of  purposes  might 
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be  iucluded.  Many  of  the  problems  that  come  up  can  be  satisfac- 
torily met  by  one  of  several  possible  installations  and  the  lighting  of 
interiors  is,  as  a  whole,  an  art  as  well  as  a  science.  The  reader  is 
referred  to  the  details  of  good  Hghting  systems,  as  they  appear  fn)m 
time  to  time  in  the  technical  press,  for  a  more  intimate  knowledge 
of  themanner  in  which  the  principles,  as  given  here,  are  applied  to 
everyday  practice. 

Theater  lighting  becomes  a  special  problem,  as  does  show  win- 
<low  and  sign  lighting,  as  well  as  all  forms  of  spectacular  lighting; 
all  are  problems  for  which  it  is  difficult  to  lay  down  any  special  rules 
other  than  the  general  ones  covering  illumination,  as  they  have 
already  been  given. 

STREET  LIGHTING 
Nature  of  Problem.     In  studying  the  lighting  of  streets  and 
parks,  we  find  that,  except  in  special  cases,  such  as  narrow  streets 
and  high  buildings,  there  is  no  rcfle<-ted  light  wlii<rh  aids  the  illumin- 
ation aside  from  that  due  to  special 
"'''f^i^  shades  or  reflectors  on   the  lamp 

'■"--.,_  itself.   Such  reflectors  are  necessary 

^ ''~-,,     if    the     light    onlinarily    thrown 

5u,   i>iaKriini  for  Cuiriiiuii.iK  Hin.Tt      above  thc  honzoutal  plane  is  to  be 

I.Llhi  niumin^.i,,!, 

uttiized. 
Iti  calculating  the  illumination  due  to  any  type  of  lamp  at  a 
given  point  it  is  nccvssary  to  know  the  distribution  curve  of  the  lamp 
used  and  the  distance  to  the  iK>iiit  illumiiiute<l.  The  approximate 
illumination  of  a  plane  normal  to  the  rays  of  light  is  given  by  the 
formidu 

/=  -^-  . 
/('+  </■-' 

when  /  is  illuminatioTi  in  foot  candles;  c.  p.  is  candle-power  of  the 
unit,  determined  from  the  distril)ntion  curve  ()f  the  lamp;  h  is  dis- 
tance the  lamp  is  mount  I'd  above  the  ground,  in  feet;  and  d  is  distance 
from  the  base  of  thc  ])i)lc  sui)porting  the  lamp  to  the  p(»int  where 
the  illuTiiiiiation  is  being  cnnriiilcrcd,  Fig.  fiO. 

While  this  will  gi\c  the  illumination  in  foot  candles,  tlie  nature 
of  the  lighting  cannot  be  decided  from  this  alone,  but  the  total 
amount  of  light  must  aUo  be  coiisidcn^d.     Thus,  a  street  lighted 
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with  powerful  units  and  giving  a  minimum  illumination  of  .05  foot 
candles  would  be  considered  better  illuminated  than  one  having 
smaller  units  so  distributed  as 
to  give    the   same  minimum 
value. 

Ideal  and  Actual  Distri- 
bution Curves.  Since  a  uni- 
form distribution  of  light  is 
desirable,  for  economic  rea- 
sons, the  ideal  distribution 
curve  of  a  lamp  for  street  light- 
ing would  be  a  curve  which 
shows  a  low  value  of  candle- 
power  thrown  directly  downward,  but  with  the  candle-power  in- 
creasing as  we  approach  the  horizontal.  Such  an  ideal  distribution 
curve  is  shown  in  Fig.  51. 
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Illumination  Curves.    A  series  of  curves  known  as  "illumination 
curves"  may  be  readily  calculated,  showing  the  illumination  in  foot 


candles  at  a  given  distance  from  the 
foot  of  the  pole  supporting  the  lamp. 
Illtmuiiation  curves  corresponding  to 
the  distrilmtion  curves  in  Fig.  52  are 
given  in  Fig.  53  where  A',  B',  and 
C  correspond  to  A,  B,  and  C  in  Rg. 
52.  These  ciir\'e3  correspond  to  actual 
taken  with  commercial  lamps. 
Similar  curves  for  incandescent  lamps 
fitted  with  suitahle  reflectors  are  shown 
in  Fig.  54. 

Rules   Governing     Good     Street 
^'  ^riim'K  Gil^n  in"FL^'.%?"""    Lighting.    The    principal    considera- 
tions in   street    lighting  other    than 
ornamental   street  lighting  are: 

A  Rufficicnt  amount  of  light  must  be  Htipplicd  and  distributed  bo  as  to  give 
a  fairly  uniform  distribution. 

Lamps  sliould  liave  as  low  an  inlrinsic  brilliimcy  aa  ia  practical — all  ques- 
tions, including  economy,  considered — imd  thpy  should  be  so  located  that  any 
glare  will  not  interfere  with  ordinary  vision. 

Ordinarily  the  maximum  amount  of  light  should  be  given  off  In  a  direction 
about  20  d^recs  below  the  horizontal. 

1''lic  light  should  be  steady,  aa 
flickering  ia  always  objectionable. 

The  light  should  be  well  diffused 
so  as  to  avoid  deep  shadows. 

The  light  sources  should  be 
mounted  fairly  high  and  the  greater 
the  ea[idle-|)0wcr  of  the  unit  the  higher 
the  lamp  ttliould  be  mounted. 

Amount  of  Illumination  for 

Streets.    A\'c  may  consider  the 


ttiHt 

I: 

13 

m 

Ittt 

kf 

^Iz?. 

ciii 

f  S 

M^ 

U 

^ 

k\  :[i 

Bf-Ai 

W 

lis 

Digitized  by  VjOOQIC 


ELECTRIC  LIGHTING  77 

amount  of  QluminatioQ  conddered  as  essential  for  the  streets  in  the 
di£Ferent  sections  of  a  city  as  follows: 

Principal  Bimneas  StreeU.  Principal  business  streets  require 
illumination  of  from  0.25  to  1.00  foot  candle,  as  uniform  as  possible; 
flaming  arc  lights,  luminous  arc  lights,  and  incandescent  clusters  are 
now  in  use  in  the  better  systems. 

Cross  Streets  and  Boulemrda.  Cross  streets  and  boulevards 
require  from  0.1  to  0.5  foot  candles.  If  they  are  free  from  shade 
trees,  arc  lights  mounted  fairly  high  may  be  used;  if  shaded,  smaller 
units  in  the  way  of  incandescent  lamps  mounted  at  a  moderate 
height  give  much  better  results. 

Residence  Street.  On  residence  streets,  the  illumination  should 
not  be  high  but  all  crossings  should  be  well  illuminated  and  incan- 
descent systems,  spacing  lamps  about  the  usual  distance  between  line 
poles,  are  ordinarily  installed  for  these  streets. 

Oidlying  Districts.  In  outlying  districts  the  lighting  depends 
upon  the  amount  of  money  which  is  to  be  used  for  the  purpose  and 
it  generally  takes  the  form  of  incandescent  units  mounted  at  import- 
ant points,  such  as  street  crossings.  No  definite  rules  can  be  laid 
down. 

General  Specifications.  In  order  to  determine  what  type  or 
types  of  lamps  and  the  number  and  spacing  of  each,  which  will  be 
required  for  a  given  or  assumed  minimum  value  of  illumination. 
Table  XVIII  is  given.  This  table  was  prepared  from  experi- 
mental work  by  Messrs.  Bryant  and  Hake  at  the  University  of 
Illinois. 

Ornamental  Street  Lighting.  Within  the  last  few  years  the 
matter  of  street  lighting  has  received  more  attejition  than  formerly 
and  the  result  has  been  to  introduce  more  ornamental  effects  in 
connection  with  the  systems.  These  ornamental  effects  take  the 
form  of  more  artistic  supports  for  the  light  sources;  special  coloring 
of  the  lights;  globes  and  shades  designed  to  make  a  better  appearance 
by  day  as  well  as  by  night,  etc.  For  the  business  streets  these 
ornamental  systems  provide  for  a  brilliant  illumination,  at  least  for 
a  few  hours  in  the  early  evening,  and  the  tendency  is  toward  higher 
illumination  values  along  the  boulevards  where  the  ornamental 
features  are  introduced.  The  more  brilliant  lighting  from  the  orna- 
mental systems  when  installed  in  the  business  streets  has  led  to  the 
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TABLE  XVm 


Horizontal  Distribution  at  Street  Surface  for  DifTerent  Heights  and 
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introduction  of  the  term  "White-Way  Lighting,"  but  this  term 
applies  more  specifically  to  the  incandescent  lamp  systems  than  to 
the  systems  using  ornamental  arcs. 

Ornamental  Standards  Most  Used.  A  small  amount  of  orna- 
mental lighting  is  done  by  means  of  arches  overhanging  the  streets 
and  studded  with  small  incandescent  lamp  units,  but  the  efifect  is 
not  always  what  is  desired  and  the  more  common  systems  use  oma^ 
mental  standards.  These  standards  may  be  of  cast  iron;  steel  pipe 
with  cast-iron  fittings;  or  occasionally  bronze  for  some  special 
standards;  and  the  other  extreme,  concrete,  where  the  first  cost  is  a 
considerable  item.  These  supports  may  be  fitted  with  one  or  two 
arc  lamps  or  with  incandescent  lamps  numbering  from  one  to  five, 
the  candle-power  of  the  individual  units  depending  upon  the  amount 
of  illumination  and  the  display  desired.  For  some  special  effects 
several  highly  colored  flaming  arcs  have  been  mounted  upon  one 
standard  and,  in  other  instances,  units  of  extremely  high  candle-power 
have  been  mounted  very  high  above  the  street  or  the  area  to  be 
illuminated. 

Arrangements  for  Turning  Off  Part  of  Lights.  The  arc  lighting 
systems  are  connected  to  a  series  system  of  distribution  but  the 
incandescent  units  in  the  business  districts,  where  they  are  placed 
close  together,  are  more  commonlj'  supplied  from  a  constant  poten- 
tial system,  either  two-  or  three-wire,  and  in  this  case  the  current 
is  turned  on  and  off  automatically  by  means  of  a  time  clock;  it  may 
be  controlled  from  the  station  by  special  de\ices;  or  it  may  be 
turned  on  and  off  by  a  patrolman.  In  sjstems  using  clusters  of  three 
or  five  incandescent  lamps  it  is  not  uncommon  to  arrange  for  turning 
off  all  but  one  unit  in  each  cluster  after  the  early  hours  of  the  even- 
ing and  leaving  but  one  unit  burning  for  the  remainder  of  the  night. 

Since  the  high-efficiency  nitrogen-filled  lamp  can  as  yet  be 
obtained  only  with  filaments  of  a  fairly  large  diameter,  units  for 
multiple  operation  on  110  volts  must  be  of  relatively  high  candle- 
power.  In  order  to  utilize  such  a  high-efficicTicy  lamp  in  incan- 
descent ornamental  street-lighting  systems,  a  few  installations  have 
been  made  using  a  transformer  in  the  base  of  the  standard  trans- 
former which  reduces  the  distribution  voltage,  which  is  usually 
about  110,  to  a  low  value  suitable  for  the  particular  high-efficiency 
relatively  low  candle-power  unit  installed  in  the  fixtures. 
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Ornamental  street  lighting  must  produce  illumination  equal  to 
or  better  than  that  considered  good  lighting  with  the  ordinary  sys- 
tems and  after  that  it  is  a  matter  of  the  allowable  expense  and 
artisdc  de^gn  as  to  just  what  the  system  will  be. 

Luminous  Arc  SfecificaiioTis.  Fig.  55  shows  one  form  of  orna- 
mental luminous  arc  lamp.    This  lamp  and  standard  is  made  in 
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more  than  one  size  and  its  use  may  be  outlined  as  follows:  For 
business  streets  use  a  unit  of  14  feet  6  inches  high,  spaced  75  to 
100  feet,  and  staggered,  \.  e.,  lamps  not  placed  opposite  each  other 
on  the  street  but  the  unit  on  one  side  coming  midway  between 
two  units  on  the  opposite  side.  For  parkways  and  boulevards,  use 
a  standard  18  feet  high  unless  the  foliage  interferes.    For  residence 
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streets  use  a  unit  12  feet  high  and  spate  the  units  about  300  feet 
apart. 

Incandescent  Clusters.  Fig.  5(5  illustrates  a  typical  incandescent 
lamp  cluster  for  business  streets.  Similar  supports  may  be  made 
for  three  or  for  one  unit.  The  clusters  are  supported  from  12  to  15 
feet  above  the  curb  and  with  a  spacing  between  standards  of  from 
4  to  6  times  the  height  of  the  cluster.  Standards  may  be  staggered 
or  they  may  be  placed  opposite  each  other  on  the  streets.  For  a 
5-Iight  unit  an  excellent  combination  is  olrtained  by  using  one 
100-watt  and  four  60-watt  tungsten  lamps  per  cluster. 

Cost.  The  cost  per  stand- 
ard for  incandescent  clusters, 
or  for  one  lamp  only,  depends 
iiix)n  the  material  and  design 
of  the  post>  the  number  and 
size  of  the  lamp  units,  the  dis- 
tance they  are  spaced,  etc. 
For  an  approximate  estimatcj 
the  cost  of  materials  only,  in- 
cluding cable,  regulating  de- 
vices at  the  station,  etc.,  will 
l)e:  five-light  pressed-steel 
standard,  total  of  S96;  one- 
light  cast-iron  standard,  for 
park  service,  $44;  oue-Iight 
bracket-fitting,  for  residence 
lighting,  $15. 

Figs.  57  and  5S,  prepared 

by  Messrs.  Bryant  and  Hake, 

are  on  the  basis  of  average  cost  fur   hdwr  and  materials,  interest 

and  depreciation,  and  for  electrical  energj'  at  one  cent  per  kilowatt 

hour. 

TRAIN  LIGHTING 

Of  the  many  specialized  fields  for  electric  lighting,  probably 
lhe  lighting  of  railway  cars  and  trains  is  as  important  as  any.  From 
about  1S50  to  about  187"),  oil  lamps  were  used  almost  exclusively  for 
train  lighting.  From  IS7.")  to  1000  gas  occupied  the  field  to  the 
greatest  extent.     Since  IIHX)  electricity  has  been  introduced  more 
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and  more  extensively  so  that  now  nearly  all  of  the  first-class  trains 
and  a  large  proportion  of  the  local  passenger  trains  use  some  form  of 
electric-lighting  outfit.  A  reduction  of  the  fire  risk,  the  ease  of 
control,  the  excellent  quality  of  the  light,  the  fact  that  electric  lights 
do  not  vitiate  the  air  or  heat  it  to  the  extent  that  gas  or  oil  lights  do, 
and  the  possibility  of  mounting  electric  lamps  where  other  types  of 
illuminants  could  not  be  used  are  some  of  the  main  reasons  for  the 


Tunf^cos;  (b) 


wide  introduction  of  electric  lighting  for  railway  trains.  Early 
electric-lighting  outfits  were  not  entirely  free  from  interruptions  and 
gas  was  necessarily  retained  for  use  in  cases  of  emergency.  Con- 
tinued improvement  in  equipment  has  been  made  and  at  present 
failures  are  in  the  neighborhood  of  one  per  1,000,000  miles  of  oper- 
ation. 

Units.  The  first  of  the  electric  car-lighting  systems  used  carbon 
incandescent  lamps  which,  on  account  of  train  vibration  and  the 
relatively  high  voltage  then  used,  had  an  efficiency  of  about  4  watts 
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TABLE  XIX 

Characteristics  of  Tungsten-Filament  Street-Railway  Lamps 
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457 

2000 

94 

78.3 

12 

767 

2000 

per  candle-power.  With  the  advent  of  the  higher  efReieiicy  incan- 
descent units,  each  in  turn  was  adapted  to  train  lighting  and  today 
the  tungsten  lamp  is  standard.  The  increased  efficiency  of  the  lamp 
has  done  much  to  extend  the  use  of  electricity  for  train  lighting  as 
the  weight  and  cost  of  the  generating  and  controlling  equipment  has 
been  reduced  in  proportion  to  the  increase  in  efficiency  of  the  light- 
ing units. 

For  the  lighting  of  electric  cars  the  units  listed  in  Table  XIX  are 
now  considered  standard.  These  lamps  may  be  secured  for  voltages 
of  from  105  to  130,  making  them  adapted,  five  in  series,  to  line  volt- 
ages of  from  .'J25  to  050.  Wiring  diagrams  for  car  lighting  are  shown 
in  Fig.  59. 

Table  XX  gi^■cs  data  covering  the  present  standards  for  steam 
train  lighting  units.  The  Gem  berth-light  lamp  still  has  a  limited 
application. 

Fixtures  and  Reflectors.  There  is  considerable  leeway  in  the 
choice  of  a  suitable  fixture  and  reflector  for  car  lighting;  and  single- 
light  ceiling  fixtures,  mounted  in  one  row  down  the  center  of  the  car, 
single-light  ceiling  fixtures  moiuited  in 

ntwo  rows,  one  down  either  side  of  the 
car;  and  two-light  ceiling  fixtures, 
mounted  in  one  row  down  the  center 
of  the  car,  are  all  used.  Glass  reflec- 
tors are  employed  for  the  majority  of 
the  work  but  metal  reflectors  are  in- 
stalled in  baggage,  mail,  and  express 
cars,  and  in  other  locations  where 
glass  reflectors  are  liable  to  breakage 
and  appearance  is  not  of  first  consid- 
Fig.  60.   Typical  Electric  Car  FiiiutB    eratiou.  Semi-iiidirect  units  and  shades 
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TABLE  XX 
Electric  Lamp  Units  for  Steam-Train  Lighting; 
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with  special  ornamental  features  are  also  used.  Two  things  must  be 
considered  in  selecting  fixtures  for  cur  lighting:  Glare  must  l)e  reduced 
to  a  minimum  on  account  of  the  comfort  of  the  passengers,  and  hence 
hare  lamps  cannot  be  used  to  advantage;and  the  efficiency  of  the  sys- 
tem is  of  importance,  especially  on  account  of  the  equipment  wliich 
must  be  carried.  Because  of  the  necessity  of  mounting  the  units  rela- 
tively low,  special  precautions  are  necessary  to  prevent  glare,  and  the 
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deep  bowl  type  or  the  indirect  type  of  reflectors  are  effective  in  this 
respect.  Fig.  60  illustrates  a  modern  electric  car  fixture  which, 
when  used  with  &4-watt  tungsten  lamps  and  spaced  8  feet  and  10 
inches  apart  in  a  row  along  the  center  of  the  car,  gave  average  illum- 
ination at  the  seats  on  a  plane  37  inches  above  the  floor  of  3.72  and 
4.32  foot  candles  at  the  positions  ordinarily  occupied  by  passengers. 


FIe.  ni.     Dixtiibufiim  Turvi-o  Shuwiim  Kftt'ot  .,f  t[>-WBtt  Clear  Priomilic 
1{<^aoiMj>r  <m   i.iiiht  [>[»tnl>utiun  (r r>li-Wi.ll  llmlwi.v  TlinilxK'n  l.liNip 

Fig,  Gl  shows  the  effect  <if  a  snifiiblc  reflector  for  car  lighting  upon 
tlic  distribution  curve  of  tlie  bare  lamp. 

As  illustrative  of  the  ilhiminafion  of  steel  passenger  coaches,  the 
rcj^ults  of  a  test  upon  a  staiutard  car  c«|uii)pcd  with  10  .single-light 
center-deck  fixtures,  each  fixture  fitted  with  a  50-watt  60-volt  lamp 
and  a  deep  bowl-sliaped  dear  prtstnatic  reflector,  showed  an  average 
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of  2.6  foot  candles  at  points  over  the  seats  and  36  inches  above  the 
floor. 

Headlights.  For  headlights  on  electric  cars  and  locomotives 
the  luminous  arc  light  is  used  to  a  considerable  extent.  This  is 
ordinarily  made  in  4-ampere  and  2-ampere  sizes.  For  street  cars 
there  are  two  methods  of  producing  a  dimmer  headlight  for  use  on 
the  brightly  lighted  streets;  one  is  to  equip  the  lamp  case  with  an 
incandescent  lamp,  switclied  on  in  place  of  the  arc,  and  the  other  is 
to  reverse  the  current  through  the  arc;  the  light  is  considerably 
dimmed  by  sending  the  current  in  the.  reverse  direction.  With  the 
development  of  the  helical  shape  of  tungsten  filament,  incandescent 
lamps  are  being  used  to  a  greater  extent  where  a  powerful  headlight 
is  needed.  The  supply  of  electricity  for  electric  arc  lights  for  steam 
locomotives  is  from  a  small  steam-driven  generator  mounted  on  the 
locomoti\e, 

QENERATOR  SYSTEMS  FOR  TRAIN  LIQHTINQ  EQUIPMENT 

The  results  of  all  of  tlic  preliminary  experimental  work  have  been 
to  establish  three  general  systems  for  the  supply  of  electricity  for 
train  lighting.  These  are  known  as:  the  straight  storage-battery 
system;  the  head-cud  generator  system;  the  axle-generator  system. 

Straight  Storage-Battery  System.  In  the  straight  storage-bat- 
tery system,  batteries  are  pro\i(ietl  and  they  must  be  charged  at  the 
terminals.  Either  the  cars  must  be  held  over  while  the  batteries 
are  being  charged  or  else  there  must  be  provision  for  the  interchange 
of  batteries.  For  such  systems  the  batteries  must  have  a  capacity 
in  excess  of  the  amount  of  electricity  required  for  the  regular  run  of 
the  cars  equipped  and  suitable  charging  and  exchange  stations  must 
I)e  provided.  The  batteries  In  general  servic'e  are  rate<l  at  about 
300  ampere  hours  and,  as  onllnarily  mounted,  the  battery  is  divided 
into  two  parts,  each  part  giving  32  volts,  the  two  parts  in  series 
furnishing  (34  volts.  An  anipcrc-liour  meter  is  used  as  an  iiullcation 
of  the  state  of  charge  of  the  battery.  Occasionally,  such  a  battery 
will  be  operated  with  its  two  parts  in  parallel  at  32  volts  but  standani 
practic-e  uses  the  series  connectiim.  The  batttTlcs  are  niounte<l  in 
boxes  undorneath  the  car  where  tliey  are  readily  a<'cessii)le  for  ex- 
change or  inspection,  and  charging  plugs  are  provide<l  for  facilitating 
connections  when  they  are  charged  at  the  terminals.     The  wiring 
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for  the  lamps  is  exceedingly  simple,  the  straight  parallel  connection 
of  the  lamps  being  used.  The  main  advantage  of  the  straight  storage- 
battery  system  of  train  lighting  is  its  great  simplicity. 

Head-End  Generator  System.  For  the  head-end  generator 
systems,  a  sfc-am  generator,  usually  driven  by  a  steam  turbine,  is 
mounted  either  in  the  baggage  car  or  on  the  locomotive.    The  steam 


turhuie  is  .su]iplicil  with  steam  from  the  hx-iimotive  boiler  at  reduced 
pressure  through  a,  flexible  steam  hose  coiuiection  and  electrical 
conductors  are  rnii  throughout  the  length  of  tlie  train  for  the  supply 
of  electricity  to  the  lights.    Flexible  connectors  are  in  use  between 
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cars.  Since  the  cars  cannot  always  be  connected  to  the  locomotive 
or  to  the  baggage  car  upon  which  a  generator  is  in  operation,  a  storage 
battery  is  still  an  essential  item  of  the  equipment. 

Equipmejit.  In  general,  &  head-end  generator  system  requires: 
a  generator,  usually  steam-turbine-driven,  as  engine-driven  gener- 
ators produce  some  vibration  (this  may  be  placed  in  the  baggage 
car  or  on  the  locomotive);  the  necessary  indicating  and  controlling 
apparatus,  placed  near  the  generator;  proper  train  lines  and  flex- 
ible connectors;  switches;  storage  batteries,  usually  put  up  in  two 
sections,  which  sections  are  mounted  underneath  the  car  and  con- 
nected in  series;  and  some  device  for  maintaining  a  proper  voltage 
at  the  lamps.  The  usual  voltage  of  the  system  is  64,  the  same  as  the 
straight  storage-battery  system.  It  has  the  disadvantage  of  not 
being  very  flexible  and  its  main  application  is  to  through  trains  which 


.nd  Battery  CoDDection»  sa  RecommeiideiJ 


regularly  are  made  up  .with  the  same  equipment,  and  this  equip- 
ment carried  for  long  runs.  Taking  the  equipment  up  in  the  same 
order  as  enumerated  above,  the  generator  is  usually  of  a  capacitj' 
from  15  to  35  kilowatts,the  turbine  operating  at  a  steam  pressure  of 
90  to  100  pounds,  non-condensing,  and  the  generator  rated  at  80 
volts  for  the  C-i-\'olt  system.  Fig.  62  illustrates  sucii  a  generator 
in  position.  The  u.sual  ammeter,  voltmeter,  field  rheostat,  and  main 
switch  are  supplied  in  connection  withthe  generator.  The  usual 
train  line  is  of  3-0  conductors  with  flexible  connections  between 
cars;  and  these  connections  are  made  so  that  a  rc\ersed  polarity 
on  the  batteries  is  not  possible. 
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Standard  Car-lViring  Diagrams.  Fig.  fi3  shows  a  standard  car^ 
wiring  diagram.  A  few  batteries  of  300  ampere-hours  capadty  may 
be  installed,  say  three  for  the  whole  train,  or  each  car  may  be  equipped 
with  a  smaller  battery.  These  batteries  do  not  differ,  except  possibly 
in  size,  from  those  used  with  the  straight  storage-battery  system. 
On  some  systems  no  special  regulating  devices  for  the  control  of  the 
voltage  on  the  lamps  is  installed,  and  in  such  cases  the  lamp  voltage 
is,  at  times,  considerably  above  normal.  When  operating  the 
generator  at  73  volts,  the  voltage  at  the  rear  car  of  a  seven-car  train 
will  be  about  66  volts  and  at  times  it  is  desirable  to  run  the  generator 
at  78  volts  in  order  to  charge  the  batteries  properlj.    The  better 
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systems  use  some  form  of  controlling  device,  of  which  there  are 
several  available.  With  these  the  generators  may  be  operated  at 
the  voltage  required  by  the  batteries  and  the  lamps  still  be  operated 
at  their  normal  voltage  of  GH,  Some  of  these  regulators  operate  upon 
the  same  principle  as  the  regulators  which  will  be  described  later 
in  connection  with  the  axle-generator  systems,  while  in  other  cases 
spc<-ial  l»(Kisters  are  installed.  Fig.  64  shows  a  wiring  diagram  of  a 
system  used  by  the  IJaltiniore  and  Ohio  Hjiilroad,  which  system  has 
a  lamp  regulator  on  each  car.  Fig.  (>.'>  shows  tlic  wiring  of  one  type 
of  booster  system.  Kacli  car  is  e(iuipiK'd  wltli  a  motor  generator 
or  booster  set  and  a  control  box  for  this  regulafor,  both  mounted 
underneath  the  car.    The  booster  armature  is  connected  In  series 
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with  the  battery,  and  the  lamps,  for  all  practical  purposes,  are  con- 
nected across  the  train  lines.  Two  forms  of  regulator  are  manu- 
factured: Form  A,  for  us^  when  the  maximum  charging  voltage  of 
the  battery  is  equal  toorlessthan  thetrain  line  voltage,  and  FormB 
for  use  when  the  open-circuit  voltage  of  the  battery  is  equal  to  the 
train  line  voltage.  The  action  of  the  regulators  is  such  that,  when 
the  train-lighting  load  is  hea\y,  the  battery  voltage  is  lowered,  so 
that  it  will  discharge  and  help  the  generator  and,  when  the  lamp 
load  is  light,  the  battery  voltage  will  be  raised  and  the  battery  will 
be  charged. 

Axle-Generator  System.  Equipment.  The  axle-generator  sjs- 
tem  is  very  commonly  employed  and  this  system  requires  the  follow- 
ing general  equipment:  an  axle-driven  generator  mounted  on  the 
trucks  with  a  suitable  suspension  from  the  truck  frames;  a  driving 
mechanism  between  the  generator  armature  and  the  axle;  a  regulator 
for  controlling  the  voltage  and  output  of  the  generator,  at  all  train 
speeds;  an  automatic  switch  designed  to  keep  the  battery  from  dis- 
charging through  the  generator;  a  regulator  for  controlling  the  volt- 
age at  the  lamps;  and  a  battery  for  supplying  the  current  when  the 
generator  is  not  in  use. 

Requirements.  For  an  axle-generator  system  to  be  successful  it 
should  meet  the  following  requirements:  The  polarity  of  the  gener- 
ator must  remain  unchanged  with  a  reversal  of  the  direction  of  the 
motion  of  the  car;  at  all  train  speeds  from  the  time  of  the  cutting  in 
of  the  generator  to  the  maximum,  the  voltage  and  output  of  the 
generator  must  be  kept  within  practical  limits;  the  generator  must 
be  automatically  cut  in  and  out  of  service  as  the  speed  of  the  train 
rises  above  or  falls  below  a  certain  critical  value;  the  transfer  of  the 
lights  from  the  battery  to  the  generator  and  vice  versa  must  be 
accomplished  without  serious  voltage  changes  on  the  lamps;  the 
voltage  upon  the  lamps  must,  at  all  times,  be  kept  within  such 
limits  that  the  illumination  will  be  satisfactorj'  and  the  life  of  the 
lamps  will  be  reasoiuihle. 

In  order  to  accomplish  the  above,  several  different  systems  have 
been  wt>rkefl  out  and  the  essential  ])arts  of  some  of  the  systems  will 
be  considered  briefly  here: 

Miiimthig  of  Gencraior,  The  general  practice  is  to  support  the 
axle  generator  from  the  truck  frame.     "Inside"  suspension,  i.  e. 


Digitized  by  VwjOOQIC 


ELECTRIC  LIGHTING  93 

mounting  the  generator  between  the  axle  and  the  truck-end  sill,  was 
first  employed  but  "outside"  suspension,  placing  the  generator 
outside  of  the  truck  frames,  is  preferred  on  account  of  the  greater 
accessibility.  Of  the  bottom-pivoted,  top-pivoted,  parallel-link,  and 
sliding  methods  of  suspending  the  generator  from  the  suspension 
framing,  the  parallel-link  method  is  preferred. 

Drive  for  Generator.  The  usual  drive  is  by  means  of  a  rubber- 
filled  canvas  belt  running  on  steel  pulleys  on  the  axle  and  on  the 
generator  shaft.  A  suitable  belt  tension  is  provided  by  means  of 
springs  which  provide  relief  to  the  belt,  when  this  is  required  on 


account  of  the  movement  of  the  car  axle  with  respect  to  the  truck 
frame.    Ball  bearings  are  used  on  some  generators. 

Generators,  Straight  shunt-wound  generators  of  the  two-pole 
or  multipolar  type  are  in  general  use  but  in  some  of  the  systems 
employed  abroad  a  special  generator,  designed  to  maintain  auto- 
matically a  constant  current  irrespective  of  the  speed,  is  used.  The 
Rosenberg  dynamo,  designed  especially  for  train  lighting,  is  one 
type  of  such  a  generator  but,  since  its  use  in  the  United  States  is 
rather  limited,  it  will  not  be  described  here,  Tlie  generator  capacity 
varies  from  2  to  4  kilowatts,  depending  uiK»n  the  t\-pe  of  oar  and  its 
lighting  arrangements.  The  usual  motlKid  of  o|H'ration  is  to  keep 
the  current  output  of  the  generator  approximately  constant,  the 
battery  furnishing  the  excess  energy  reciuircd  when  all  lamps  are 
burning  and  the  generator  charing  the  battery  when  the  lamp  load 
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is  not  so  heavy.  Fig.  66  illustrates  a  train-lighting  axle  dynamo  as 
made  by  the  Safety  Car  Heating  and  Lighting  Company. 

Reversal  of  Polarity.  In  order  that  the  generator  may  operate 
with  the  same  polarity  upon  the  train  and  battery  line  at  all  times, 
it  is  necessary  in  most  cases  that  a  device  for  reversing  the  polarity 
of  the  machine  with  the  reverse  direction  of  tlie  motion  of  the  car  be 
provided.  Two  general  schemes  are  in  use:  In  one,  some  mechanical 
device  is  provided  to  close  a  double-throw  reversing  switch  to  the 
proper  position;  and  in  the  other,  the  brushes  are  rotated  through 
90  electrical  degrees,  either  by  the  force  of  friction  between  the  com- 
mutator and  the  brushes  or  by  some  other  mechanical  means. 

Avtomatic  Suilch.  In  order  that  the  generator  shall  be  brought 
into  action  when  the  car  has  reached  a  certain  predetermined  speed 
and  that  it  shall  be  disconnected  from  the  system  and  the  lamps 
supplied  from  the  battery  alone  when  the  speed  falls  beiow  this 
value,  some  form  of  automatic  switch  is  required  and  such  a  switch 
may  be  operated  electrically  or  mechanically.  The  electrical  oper- 
ation of  this  switch  is  preferred. 

Generator  Hegiilator.  If  the  generator  is  to  be  operated  at  con- 
stant current,  irrespecti\e  of  its  speed  and  irrespective  of  the  lighting 
load,  some  regulating  device  must  be  used  to  accomplish  this.  Many 
methods  are  in  use  and  among  them  may  be  mentioned :  automatic 
slipping  of  the  belt,  the  sliding  of  the  armature  along  the  generator 
shaft,  counter  comjH)unding,  special  lK)osters,  armature  reaction, 
and  automatic  rheostats.  Automatic  field  rheostats  appear  to  be 
preferred  in  the  American  practice.  Ordinarily  the  generator  oper- 
ates at  constant-current  output  but,  as  the  battery  charges  when  the 
lamp  loud  is  light,  tlie  generator  voltage  will  have  to  increase  gradu- 
ally in  order  to  maintain  a  constant  output  and,  if  this  were  con- 
tinue<l  imlefiiiitely,  the  batteries  might  become  badly  overcharged. 
Another  function  of  the  control  device,  then,  is  to  reduce  the  current 
output  of  the  generator,  after  the  batteries  arc  fully  charged,  so  that 
the  generator  will  "float"  upon  the  train  line. 

Lump  RvguhUir.  If  the  generator  voltage  is  going  to  vary  some 
VA)  per  cent,  as  is  necessary  if  it  is  to  i)rovidc  for  the  proper  charging 
of  tlie  battiTv,  then  some  nifchanisni  is  necessary  for  maintaining 
a  constant  voltage  on  the  lamps  and  this  regulator  usually  consists 
of  a  resistance  which  is  automatically  switched  in  and  out  of  the 
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lamp  circuit  as  may  he  required,  Fig.  67.    The  usual  lamp  voltage 
for  the  axle-generator  system  is  32. 

Operation  of  Safety  Car  Lighting  and  Heating  Com-pany  Equip- 
ment. With  all  of  the  necessary  devices  it  is  readily  seen  that  there 
are  many  different  arrangements  of  the  details  in  use  in  making  up 


a  complete  train-li);hting  system  and  iniHvidiial  mannfat-turers  put 
out  several  different  types  of  equipment  adapted  to  the  various 
needs  of  the  different  roads  and  the  different  traiu  equipment.  To 
describe  all  of  tiiem  would  require  a  very  great  amount  of  space,  so 
that  details  of  only  one  system,  the  one  employing  the  Type  F 
regulator  as  manufactured  hy  the  Safety  Car  Lighting  and  Heating 
Company,  will  be  given  here.  Fig.  GS  shows  the  connections  of  the 
^stem  and  its  operation  is  as  follows: 
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When  the  dynamo  is  at  rest  the  field  resistance  carbons  C  are 
tightly  compressed  by  the  pull  of  tlie  spring  Ci  so  that  their  resist- 
ance is  low.  As  soon  as  the  armature  begins  to  revolve,  current 
flows  through  the  field  F  and  builds  up  a  voltage  which  energizes 
the  lifting  coil  of  the  main  switch  //.  As  soon  as  this  voltage  is 
the  same  as  the  battery  voltage, 
the  main  switch  closes,  cutting 
into  circuit  the  series  coil  of  the 
main  switch,  which  holds  the 
-  switch  firmly  closed.  Current 
now  flows  from  the  positive 
dynamo  terminal,  through  the 
series  coil  of  the  main  switch 
//,  through  the  series  regulating 
coil  S  to  the  lamps  and  storage 
battery  B,  and  back  to  the  nega- 
tive dynamo  terminal. 

As  the  train  speed  increases 
and  the  dynamo  is  able  to  give 
its  full  output,  the  control  is  by 
means  of  the  series  coil  S,  pro- 
vided the  full    output    of    the 
'^•^  dynamo  can  be  used  for  charg- 
""     ing  the   storage  battery   or  for 
the  lamps.     As  the  storage  bat- 
tery becomes   charged    and   its 
voltage  rises,  the  current  tapers 
off  so  that  the  full  output  of  the 
dj-namo  is   no  longer   required, 
and  the  series  coil  arm  moves 
out  of  engagement  with  the  volt- 
*""     age  coil   arm  and  rests  against 

then  prevents  the  voltage  from 
rising  above  the  voltage  for  which  the  regulator  is  set. 

If  a  lead  hattcrj'  is  charged  at  a  constant  voltage  of  2.5  per  cell, 
the  charge  will  start  at  a  higli  rate  and  automatically  taper  to  nearly 
nero  as  the  battery  becomes  full,  corresponding  to  a  stop  charge. 
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In  a  30-volt  equipment  having  sbrteen  ceils,  the  battery  will  be 
protected  from  overcharge  if  the  dynamo  gives  40  volts  an<l  the 
battery  will  be  charged  in  the  shortest  possible  time.  If,  however, 
the  battery  is  almost  discharged  and  there  ia  a  Iieavy  lamp  loa<I,  the 
demand  on  the  dynamo  would  be  greater  than  its  safe  capacity,  so 
that  coil  S  is  necessary  to  limit  the  current  the  dynamo  can  give. 
The  action  of  the  Type  "F"  dynamo  regulator  is,  therefore,  to  cause 
the  dynamo  to  gi\e  its  full  rated  capacity  at  all  times  if  it  can  be 
used,  and  to  protect  the  battery  from  overcharge  as  its  voltage  can 
never  be  above  2.5  volts  per  cell. 

The  lamp  regulator  keeps  the  voltage  constant  at  the  lamps  by 
varying  in  the  proper  amount  the  carbon  resistance  E,  in  series  with 
the  lamps.  The  carbons  E  are  compressed  by  an  adjustable  spring 
connected  to  a  link  acting  through  a  toggle.  The  pull  of  the  spring 
is  opposed  by  the  puH  of  the  electromagnet  which  is  connected 
directly  across  the  lamp  mains  and  is  so  designed  that  the  armature 
will  stay  in  any  position  throughout  its  stroke  when  the  lamp  voltage 
is  right. 

When  the  lamp  voltage  is  high,  the  magnet  becomes  stronger 
and  pulls  the  armature  down  against  the  pull  of  the  spring  and  reduces 
the  pre'ssure  upon  the  carbons  E,  increasing  their  resistance  and 
bringing  the  lamp  voltage  back  to  normal.  If  the  lamp  voltage  is 
low,  the  magnet  becomes  weakened  and  the  spring  pulls  the  armature 
back  and,  through  the  toggle,  exerts  enough  pressure  on  the  carbon 
discs  to  decrease  their  resistance  and  bring  the  lamp  voltage  back 
to  normal. 

Data  Covering  Various  Types  of  Equipment.  Table  XXI  gives 
some  comparative  data  covering  the  various  makes  of  train-lighting 
equipment. 

SHADES  AND  REFLECTORS 

Lamps,  as  ordinarily  constructed,  do  not  always  give  a  suitable 
distribution  of  light,  while  the  intrinsic  brightness  is  often  too  high 
for  interior  lighting.  Sha<les  are  intended  to  modify  the  intensity 
of  the  light,  while  reflectors  are  used  for  the  purpose  of  changing  its 
direction.  Frequently  the  two  are  combined  in  various  ways.  Shades 
are  also  used  for  dec-orative  purposes,  but,  if  possible,  these  should 
be  of  such  a  nature  as  to  aid  illumination  rather  than  to  reduce  its 
efficiency. 
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Cltargliu«*. 

Alabantcr  ulaivi. . 

Opaline  Rbiw 

firaiinti  kIbhs.  . . . 

OlMil  RlaHH 

Milky  kUhh 

f  irmmrVKla™. .  ■. 

(>|ial  fcla»* 

OlHilint  kWm 


20-40 
25-30 
25-60 


A  foiisi(leral)le  amount  of  light  is  absorbed  by  the  matenal  used 
for  the  construction  of  shades.  Table  XXII  shows  the  approximate 
amount  absorlied  by  some  materials. 

Of  the  great  number  of  stjles  of  shades  and  reflectors  in  use, 
only  a  few  of  the  more  important  will  be  considered  here. 

Frosted  Qlobes.  One  of  the  simplest  methods  of  shading  incan- 
descent lamps  is  bj'  the  use  of  frosted  bulbs.  These  serve  to  reduce 
the  intrinsic  brightness  of  the  lamp  and  should 
be  frt-ely  use<l  for  residence  lighting  when  sep- 
arate shades  are  not  installed.  Frosted  globes 
are  also  used  in  connection  with  reflectors  for 
the  purpose  of  diffusing  the  reflected  light. 
The  MtCreary  shade  as  shown  in  Fig.  69,  is 
an  example  of  such  a  combined  shade  and  re- 
flector. Opal  or  opalescent  enclosing  globes 
are  often  used  for  reducing  the  intrinsic  bril- 
liancy and  diffusing  the  light. 

Molophane  Globes.  Hoiophane  globes  are 
made  for  both  rcHccting  and  diffusing  the  light 
and  they  can  be  made  to  bring  about  almost 
any  desired liistribution  with  but  asmall amount 
of  ul)sorption  of  light.  These  consist  of  shades  of  clear  glass  having 
huri/.oiital  grooves  that  form  surfai-es  which  change  the  direction  of 
light  by  refraction  or  total  reflection  as  is  necessary.  The  diffusion 
of  light  is  cffc«-tcd  by  means  of  deep  rounded  vertical  grooves  on 
the  interior  surface  of  tlie  gUihe.  While  these  globes  are  of  clear 
glass  and  absorb  an  amount  of  light  corresponding  to  clear  glass,  the 
light  is  so  well  diffused  that  the  filament  of  the  lamp  cannot  be  seen 
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and  the  globe  appears  as  if  made  of  some  semi-transparent  material. 
The  holophane  glassware  is  made  in  a  large  variety  of  artistic  designs 
and  for  all  types  of  incandescent 
lamps.  By  the  proper  selection 
of  a  reflector,  the  distribution  of 
the  light  of  the  unit  used  may  be 
made  that  which  is  best  suited 
to  the  particular  case  of  lighting 
in  hand.  Figs.  14  and  15  ^ve 
some  idea  of  what  can  be  accom- 
plished by  these  shades. 

Changes  have  been  made  in 
the  original  design  of  the  holo- 
phane reflector  and  the  modem 
type  is  generally  known  under  the 
term,  "prismatic  reflector".  The  ap- 
pearanceof  the  prismatic  glass  reflector 
is  shown  in  Fig.  70  and  for  the  tungs 
ten  lamp  it  is  regularly  made  in  three 
types:  extensive,  where  the  light  i') 
widely  distributed  below  the  horizontal 
plane;  intensive,  where  the  light  is 
more  concentrated  in  the  downward 
direction  but  still  fairly  well  distrib- 
uted; and  focusing,  where  nearly  all 
of  tbe  light  is  thrown  directly  down- 
ward from  the  lamp.  Fig.  71  well 
illustrates  the  character  of  the  distri- 
bution when  these  reflectors  are  used. 
Clear  glass  reflectors  are  very  effective 
if  they  are  properly  designed  and  care- 
fully selected. 

Metal  Reflectors.  Glass  reflec- 
tors are  subject  to  breakage  and  this 
is  to  their  disadvantage  in  certain 
locations.  Metal  reflectors  have  been 
designed  for  use  where  the  unit  must 
be  more  rugged.    Metal  reflectors  may 
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be  lined  with  porcelain  enamel,  or  a  bright  metallic  surface,  such 
as  can  be  secured  with  the  use  of  aluminum,  may  be  employed  for 
the  reflecting  medium.  Fig.  72  illustrates  both  the  form  of  these 
units  and  the  distribution  of  light  from  them. 
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Decorative  Shades.  Where  more  <lecorative  effects  are  desired 
light  white  or  opalescent  glass  is  ln-iiig  uswl  to  good  advantage. 
Much  more  attention  is  being  pjiiil  tii  the  design  of  the  shades  and 
t(i  the  quality  of  the  glass  used  and  the  result  of  this  study  is  the 
production  of  shades  wliich,  while  they  arc  ornamentaly  at  the  same 
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time  are  also  very  efficient.  Fig.  73  shows  one  of  many  lines  of  these 
shades  and  Fig.  74  is  characteristic  of  the  distribution  curves 
obtained. 

Reflectors  for  Indirect  and  Semi-Indirect  Lighting.    Kefiectors 
for  indirect  lighting  are  often  made  a  part  of  the  construction  of  the 
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Fis.  73.    Typical  Decontive  Shades  tar 
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building,  as  in  "cove"  lighting,  but  totally  indirect  lighting  fixtures 
are  a^'ailabIe  and  Fig.  75  shows  one  such  unit.  Semi-indirect  fix- 
tures are,  as  a  rule,  rather  less  efficient  than  indirect  as  in  the  former 
case  the  bowls  must  be  of  opalescent  glass  and  the  absence  of  the 
reflector  cuts  down  materially  the  amount  of  light  reflected  -to  the 
ceiling.  Figs.  76  and  77  show  an  indirect  fixture  with  a  small 
diffusing  glol>e  at  its  base  whiah  iliuminates  the  opalescent  bowl 
below  the  reflector.  This  gives  an  efficient  indirect  illumination  and 
at  the  same  time  provides  the  more  artistic  semi-indirect  effect. 

Incandescent  Street 
Lighting.  For  incandescent 
street  lighting  where  the  sys- 
tem is  ornamental  and  the 
lamps  are  mounted  in  clusters, 
opal  enclosing  globes  are  used; 
but  in  other  installations  a 
reflector,  designed  to  give  the 
best  distribution  of  light  for 
street  illumination,  is  utilized. 
Fig.  78  shows  a  "radial  wave" 
reflector  and  Fig.  79  illustrates 
the  effect  of  this,  and  one  other  type  of  reflector,  upon  the  distribu- 
tion of  light. 
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The  possibilities  in  tLe  way  of  shades  and  reflectors,  both  from 
the  utilitarian  and  ornamental  standpoint,  are  very  great  and  a 
wide    variety    of  models  are    now    manufactured    as    standard. 


cCi^ 


Special  fixtures  for  the  large  lighting  units,  such  as  the  various  types 
of  arc  lights,  are  now  available.  Fig,  80  shows  an  enclosed  arc  lamp 
fitted  with  a  shade  and  a  concentric  diffuser.    The  effect  of  this 


=■1  scroll 

"•CONIBAL    ox   IMFROVSJl    ST/tScT   KSn£CrOJt 
Fi(.  79.    Distributi-in  Curve*  for  Tungsten  Latpp  wiih  Difftreal 


combination  is  best  shown  in  Fig.  81,  Fig,  S2  shows  the  change  in 
the  illumination  curve  produced  by  such  shading.  Inverted  arcs 
have  some  application  where  the  light  may  be  readily  reflected  and 
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Opal  enclosint;  ttn<l  cloar  outer. 
(;tear  encloBing  and  clear  outer 
Clear  enciosing  and  opal  outer 
Opal  enclosing  and  opal  outer  . 


diffused  as  in  liglitiiig  large  rooms  with  light  finish.  Reflectors  of 
this  general  type  are  now  being  manufactured  in  such  a  form  that 
they  may  be  built  in  and  become  part  of  the  ceiling  of  the  room  to  be 
illuminated. 

Opal  Enclosing  Globes.  The  use  of  opal  enclosing  globes  is 
often  recommended  for  arc  lamps  used  for  street  lighting  for  the 
reason  that  they  change  the  distribution  of  the  light  so  that  it  covers 


a  greater  area  and  the  light  is  s<)  diffused  as  to  obhterate  shadows  in 
tjie  vicinity  of  the  lamp.  Table  XXIII  gives  the  efficiency  of 
different  g!ol)e  combiniitioiis  for  street  lighting,  assuming  the  opal 
inner  and  the  clear  outer  glolic^  as  lOO  jut  cent. 

PHOTOMETRY 

I'jiotunietry  is  tlie  art  of  comparing  the  illuminating  properties 
of  liglit  sources  juiil  forms  one  braneb  of  scientific  measurement. 
Its  use  in  electric  illumination  is  to  determine  the  rclati\e  ^'alues  of 
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different  types  of  lamps  as  sources  of  illumination,  together  with  their 
efficiency;  also,  by  means  of  the  principles  of  photometry,  we  are  able 
to  study  the  distribution  of  illumination  for  any  given  arrangement 
of  light  sources. 
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tic-  S2.    Ulumioslioa  Curves  for  Lamps  iritb  uid  nitbout  Light  DiSusers 
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LIGHT  STANDARDS 

Inasmuch  as  sources  of  light  are  compared  with  one  another  in 
photometry,  we  must  have  some  standard,  or  unit,  to  which  all  light 
sources  are  reduced.  This  unit  is  usually  the  candle-power  and  the 
rating  of  most  lamps  is  given  in  candle-power. 

While  the  candle-power  remains  the  unit  and  is  based  on  the 
standard  English  candle,  other  light  standards  have  been  introduced 
and  are  much  more  desirable. 

English  Candle.  The  English  candle  is  made  of  spermaceti 
extracted  from  crude  sperm  oil,  with  the  addition  of  a  small  quantity 
of  beeswax  to  reduce  the  brittleness.  Its  length  is  10  inches,  its 
diameter  .9  inch  at  the  bottom  and  .8  inch  at  the  top,  and  its  weight 
is  one-sixth  of  a  pound.  Great  care  is  taken  in  the  preparation  of 
the  wick  and  the  spermaceti.  This  candle  burns  with  a  normal 
height  of  flame  of  45  millimeters  and  consumes  120  grams  per  hour 
when  burning  in  dry  air  at  normal  atmospheric  pressure.  Under  these 
conditions,  the  light  gi\'en  by  a  single  candle  is  one  candle-power. 

When  used  for  measurements,  the  candle  should  be  allowed  to 
burn  at  least  15  minutes  before  taking  any  readings.  At  the  end 
of  this  perio<l  the  wick  should  be  trimmeH,  if  necessary,  and  when  the 
flameheightreaches45millimeters,readinps  can  betaken.  The  candle 
should  not  require  trimming  when  the  proper  height  of  flame  has  been 
reached.  It  is  best  to  weigh  the  amount  of  material  consumed  by 
balancing  the  candle  on  a  projjcrly  arranged  balance  when  the  first 
reading  Is  taken,  and  again  balancing  at  the  end  of  a  suitable  period — 
10  to  15  minutes.  The  candle-power  of  the  unit  is  then,  practically, 
directly  proportional  to  the  amount  of  the  material  consumed. 

The  objections  to  the  candle  as  a  unit  are  that  it  burns  with  an 
open  flame  which  is  subject  to  variation  in  height  and  to  the  effect  of 
air  currents.  The  color  of  the  light  Is  not  satisfactory,  being  too 
rich  in  the  red  rays,  an<l  the  composition  of  the  spermaceti  is  more  or 
less  uncertain. 

German  Candle.  The  German  candle  is  made  of  ver^'  pure  par- 
affine,  burns  with  a  normal  flame  height  of  50  millimeters,  and  is 
snl)ject  to  the  same  disai  I  vantages  as  the  Kngllsh  candle.  It  may 
be  necessary  to  trim  the  wick  to  keep  the  flame  height  at  50  milli- 
meters. The  light  givcTi  is  a  trifle  gR'atcr  than  for  the  spermaceti 
candle. 
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TABLE  XXIV 

Photometric  Units 


Reichsanatalt  Unit,  Germany 

National  Physical  Labomtory  Unit,  Eagland 

Laboratoire  Central  Unit,  France 

1,000 

0.998  X  0.88 

0.984 

0.982 

CUICIIL 

H„«„ 

H^-^r;, 

Carcel 
Hefner 
Vemon-Harcourt  (pentane) 

1.00 
0.0930 

1,020 

10.75 
1. 00 
10.95 

0.980 
0.0915 

I.O 

Ths  above  values  are  at  s  barometric  preuure  of  700  mm.  of  mercury  and  a  humidity  foi 
the  Caroel  sod  Venwin-Harcourt  standards  ol  10.0  liter*  of  waUr  per  cubic  meter  of  dry  air.  The 
humidity  for  the  Hefner  unit  ia  S.S  liters  ol  water  to  one  cubic  meter  of  dry  air. 

Carcel  Lamp.  The  Carcel  lamp  h  built  according  to  very 
careful  specifications  and  burns  colza  {rape  seed)  oil.  It  has  been 
used  to  a  large  extent  in  France,  but  its  present  application  is  limited. 

Pentane  Lamp.  This  is  a  specially  constructed  lamp  burning 
pentane,  prepared  by  the  distillation  of  gasoline  between  narrow 
limits  of  temperature.  This  standard,  known  also  as  the  Vemon- 
Harcourt  lamp,  is  not  extensively  used. 

Amyl  Acetate  Lamp.  This  lamp,  known  also  as  the  "Hefner 
lamp",  is  at  present  the  most  desirable  standard.  It  is  a  lamp  built 
to  very  careful  specifications,  especially  with  regard  to  the  dimension 
of  the  wick  tube.  It  burns  pure  amyl  acetate  and  the  flame  height 
should  be  40  millimeters.  This  flame  height  must  be  very  carefully 
adjusted  by  means  of  gages  furnished  with  the  lamp.  Amyl  acetate 
is  a  colorless  hydrocarbon  prepared  from  the  distillation  of  amyl 
alcohol  obtained  from  fusel  oil,  with  a  mixture  of  acetic  and  sulphuric 
acids,  or  by  distillation  of  a  mixture  of  amyl  acetate,  sulphuric  acid, 
and  potassium  acetate.  It  has  a  definite  composition  and  must  be 
pure  for  this  use. 

The  most  serious  disadvantage  of  this  standard  is  the  color  of 
the  light,  inasmuch  as  it  has  a  decidedly  red  tinge  and  is  not  readily 
compared  with  whiter  lights.  Its  value  Is  affected  somewhat  by  the 
moisture  in  the  air  and  the  atmospheric  pressure  but  it  excels  all 
other  standards  in  that  it  is  quite  readily  reproduced. 
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Table  XXIV  gives  the  value  of  the  candle-power  units  of  differ- 
ent laboratories  in  terms  of  the  unit  of  the  Bureau  of  Standards  and 
also  the  values  of  the  units  of  the  Carcel  and  Vernon-Harcourt  in 
terms  of  the  Hefner,  as  accepted  by  the  International  Photometric 
Commission. 

Working  Standards.  Incandescent  Lamp.  The  units  just 
described,  together  with  some  others,  form  reference  standards,  but 
an  incandescent  lamp  is  generally  used  as  the  working  standard  in  all 
photometers.  An  incandescent  lamp,  when  used  for  this  work, 
should  be  burned  for  about  200  hours,  or  until  it  has  reached  the 
point  in  the  life  curve  where  its  value  is  constant,  and  it  should  then 
be  checked  by  means  of  some  standard  when  in  a  given  position  and 
at  a  fixed  voltage.  It  then  serves  as  an  admirable  working  standard 
if  the  applied  voltage  is  carefully  regulated.  Two  such  lamps  should 
always  be  used — the  one  to  serve  as  a  check  on  the  other;  the  checking 
lamp  to  be  used  for  very  short  intervals  only. 

PHOTOMETERS 
Basic  Principle  of  Photometers.  Two  light  sources  are  com- 
pared by  means  of  a  photometer  which,  in  one  of  its  simplest  forms, 
consists  of  what  is  known  as  a  "Bunsen  screen"  mounted  on  a 
carriage  between  the  two  lights  being  compared,  with  its  plane  at 
right  angles  to  a  line  passing  through  the  light  sources,  and  arranged 
with  mirrors  or  prisms  so  that  both  sides  of  the  screen  may  be  ob- 
served at  once.  The  Bunsen  screen  consists  of  a  disk  of  paper  with 
a  portion  of  cither  the  center,  or  a  section  around  the  center,  treated 
with  paraffine  so  as  to  render  it  translucent.  If  the  light  falling  on 
one  side  of  this  screen  is  in  excess,  the  translucent  spot  will  appear 
dark  on  that  side  of  the  screen  and  light  on  the  opposite  side.  Care 
must  be  taken  to  see  that  the  two  sides  of  the  screen  are  exactly 
alike,  otherwise  there  will  be  an  error  introduced  in  using  the  screens. 
It  is  well  to  rt'vcrse  the  screen  and  check  the  readings  whenever  a 
new  lot  of  lamps  are  to  be  tested.  When  the  light  falling  on  the 
two  sides  of  the  screen  is  the  same,  the  transparent  spot  disappears. 
The  values  of  tiie  two  light  sources  are  then  directly  proportional  to 
the  square  of  their  distana's  {rom  the  screen.  As  an  example,  con- 
sider a  IG  candle-power  lamp  being  compared  with  a  standard 
candle    on    a    photometer   with   a   300-ceiitimeter  bar.     Say  the 
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translucent  spot  disappears  when  the  screen  is  distant  60  centime- 
ters from  the  standard  candle,  we  then  have  the  proportion 

a: :  1  =  (240)» :  (60)»  =  16  : 1, 
showing  that  the  lamp  gives  16 
candle-power. 

The  above  law  is  known  as 
the  law  of  inverse  squares  and 
holds  true  only  when  the  dimen- 
sions of  the  light  sources  are 
small  compared  with  the  distance 
betweenj  them  and  when  there 
are  no  reflecting  surfaces  present, 
as  when  the  readings  are  taken 
in  a  dark  room.  h.  as.   Prooi  Diii,™m  ot  the  uw  of  tuve™. 

TKe    proof      that     the     light       ^"™  "y  .M«hod  of  Coccmnc  Sph™ 

varies  inversely  with  the  square  of  the  distance  from  the  source  Is 
as  follows : 

Consider  two  spherical  surfaces,  Fig.  83,  illuminated  by  a  source 

of  light  at  the  center.  The  samequantity  of  light  fallsonboth  surfaces. 

Area  of  S  =47rfl*  sq.  ft.  (R  is  in  feet.) 

Areaof  S,  =  4irfii*sq.  ft. 

Let  Q  equal  total  quantity  of  light  and  q  and  qi  equal  light 

falling  on  unit  surface  of  the  spheres  S  and  jSi  respectively.    Then 

Q 


gi=- 


1.     R"  

Fig.  84  shows  the  relation  in  another  way.  The  area  of  C,  dis- 
tant two  units  from  the  source  of  light  A,  is  four  times  that  of  B, 
which  is  distant  one  unit. 

Lummer-Brodhun  Photometer.  In  addition  to  the  Bunsen 
screen  described,  there  are  several  other  forms  of  photometers,  the 


Digitized  by  VwjOOQIC 


112 


ELECTRIC  LIGHTING 


most  important  of  which  is  the  Lummer-Brodhun.  The  essential 
feature  of  this  instrument  is  the  optical  train  which  serves  to  hring 
into  contrast  the  portions  of  the  screen  illuminated  by  the  two 
sources  of  light.  Referring  to  Fig.  85  the  screen  S  is  an  opaque 
screen  which  reflects  the  light  falling  upon  it  from  L,  to  the  mirror 
M,  when  it  is  again  reflected  to  the  pair  of  glass  prisms  A,  B.  The 
surfaces  are  ground  to  fit  perfectly  at  sr  and  any  lightfalling  on  this 
surface  will  pass  through  the  prisms.    Light  falling  on  the  surface 


a  r  or  bs  will  be  reflected  as  shown  by  the  arrows.  We  see  then 
that  the  light  fnim  L,  which  falls  on  a  r  and  b  s,  is  reflected  to  the 
eyepiece  or  telescope  T,  while  that  falling  on  »  r  is  transmitted  to 
and  absorbed  by  the  black  interior  of  the  containing  box.  Likewise, 
the  light  from  the  screen  Lj  is  reflected  by  the  screen  Mi  to  the  pair 
of  prisms  A,  B.  The  rays  falling  on  the  surface  s  r  pass  through  to 
the  telescope  T,  while  the  rays  falling  on  a  r  and  b  s  are  reflected 
and  absorbed  by  the  black  lining  of  tlie  case.  The  field  of  light,  as 
then  viewed  through  the  telescope,  appears  as  a  disk  of  light  pro- 
duced by  the  screen  L],  surrounded  by  an  annular  ring  of  light  pro- 
duced by  L.    When  the  illumination  on  the  two  sides  of  the  screen 
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is  the  same,  the  disk  and  ring  appear  alike  and  the  dividing  circle 
disappears. 

In  u^ng  this  screen,  it  13  mounted  the  same  as  the  Bunsen  screen 
and  readings  are  taken  in  the  same  manner.    The  screen  and  prisms 


^^^■(Ml  V 

1     '  ^^^^^09 

Kg.  Sfl.    Complete  PhaWnieWt  with  Luramer-Brodhun  Screen 

.are  arranged  so  that  they  can  be  reversed  readily  and  two  readings 
should  always  be  taken  to  compensate  for  any  inequalities  in  the  sides 
of  the  screen  and  the  reflecting  surfaces,  a  mean  of  the  two  readings 
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serving  as  the  true  reading.    This  form  of  screen  is  used  when 
especially  accurate  comparisons  are  required. 


n<.  ( 


Fig.  86  shows  a  complete  photometer  with  a  Lummer-Brodhun 
screen,  while  Fig.  87  shows  a  Binisen  screen  and  sight  box.  In  Fig. 
80,  the  lamps  are  shaded  by  means  of  curtains  so  as  to  leave  only  a 


small  opennig  toward  the  screen.  If  the  liglits  are  properly  screened, 
photoniftric  nicasiireniciits  may  be  nia'le  in  rooms  having  light- 
colored  walls. 
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Weber  Photometer.  As  an  example  of  a  good  portable 
type,  tlic  Weber  photometer  is  shown  ui  Fig.  S8,  This  photometer 
is  very  com])ac-t  and  is  especially  adapted  to  measuring  intensity 
of  illumination  as  well  as  the  value  of  light  sources;  it  may  be  used 
for  exploring  the  illumination  of  rooms  or  the  lighting  of  streets. 

This  apparatus  consists  of  a  tube  A ,  Fig.  89,  which  is  mounted 
horizontally  and  contains  a  circular  opal  glass  plate  /,  which  is 
movable  by  means  of  a  rack  and  pinion.  To  this  screen  is  attached 
an  index  finger  which  moves  over  a  scale  attached  to  the  outside  of 
the  tube.     A    amp  L,  burning  benzine,  is  mounted  at  the  end  of 


Qi 


e 


Diaeram  of  Web 


this  tube.  The  benzine  used  should  be  as  pure  as  possible  and  the 
flame  height  should  be  carefullj'  adjusted  to  20  mm.  when  taking 
readings.  At  right  angles  to  the  tube  A  is  mounted  the  tul)e  It 
which  contains  an  e\ci)iece  at  0,  a  Lummer-Brodhun  contrast 
prism  at  p,  and  a  supiM>rt  for  opal  or  colore<l  glass  plates  at  g. 

Operution.  The  tube  B  Is  turned  toward  the  source  of  light  to 
be  measured,  the  distance  from  the  light  to  the  screen  at  g  being 
noted.  The  light  from  this  source  is  diffused  by  the  screen  at  g, 
while  that  from  the  stai:dard  is  <liffuscd  b\'  the  screen  /.  By  moving 
the  screen  /,  the  light  falling  on  either  side  of  the  prism  p  can  be 
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equalized.  The  value  of  the  unknown  source  can  be  determined 
from  the  reading  of  the  screen  /,  the  photometer  having  previously 
been  calibrated  by  nit'ans  of  a  standard  lamp  in  place  of  the  one  to 
be  measured.  The  calibration  may  be  plotted  in  the  form  of  a  curve 
or  it  may  be  denoted  by  a  constant  C,  when  we  have  the  formula 

C  corresponds  to  a  particular  plate  at  p ;  Hs  distance  of  screen  /  from 
tile  benzine  lamp;  and  /,  is  distance  from  the  screen  g  to  the  light 
source  being  measured.  Screens  of  different  densities  may  be  used 
at  g  depending  on  the  strength  of  the  light  source. 

When  used  for  measuring  illumir'.ation,  a  white  screen  is  used 
in  connection  with  this  photometer.  The  screen  is  mounted  in  front 
of  the  opening  at  g,  and  turned  so  that  it  is  illuminated  by  the  source 


being  considered.  Iteadiiigs  of  the  screen  /  are  taken  as  before.  A 
calibration  curve  is  plotted  for  the  instrument,  using  a  known  light 
source  at  a  known  distance  from  the  white  screen  when  the  instru- 
ment is  mounted  in  a  dark  room. 

Portable  Pholomelers.  There  is  a  large  variety  of  portable 
photometers  avuilatilc  which  give  more  or  less  satisfattory  results. 
An  instniment  cs]X'ci!illy  dcsigni'd  with  a  view  to  portability  and  to 
overcoming  some  of  the  defects  of  other  instruments  on  the  market 
is  tlu!  "I'Tiivcrsnl  pliot^mictcr,"  more  conmionly  known  as  the 
"Sharp-Millar  photometer"  from  the  names  of  Its  inventors.  Views 
of  this  instrument  are  .shown  in  Fig.s.  90  and  91.  It  is  adapted  to 
the  measurement  of  the  intensity  of  light  sources  as  well  as  to  the 
illumination  at  any  poiiit,  as  is  thcAVcl)cr  photometer.    Thephotom- 
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eter  screen  or  photometric  device  is  shown  at  B,  and  consists  of  a 
special  form  of  Lummer-Brodhun  optical  screen.  A  standardize*' 
incandescent  lamp  C  is  used  as  the  photometric  standard  and  this 
may  be  connected  to  a  battery,  or  be  adapted  to  use  on  the  mains 
supplying  the  lamps  in  the  room  where  measurements  are  to  be 
taken.  All  stray  light  is  carefully  screened  from  the  interior  of  the 
box  by  a  series  of  screens  G.  The  instrument  scale  is  calibrated  in 
foot  candles  and  in  candle-powers. 

When  illumination  is  to  be  measured,  a  specially  selected  trans- 
lucent screen  is  placed  at  A  and  the  illumination  of  this  plate,  which 
is  placed  at  the  point  and  in  the  plane  where  the  value  of  the  illumi- 


ng. 91.    Sectional  View  of  8h»rp-Mill»r  Phi 


nation  is  desired,  is  reflected  to  the  photometric  device  by  the  mirror 
at  H.  A  second  plate  K  is  mounted  so  as  to  be  illuminated  by  the 
standard  lamp  and  the  photometer  is  balanced  by  making  the  illumi- 
nation of  A  and  K  the  same.  When  the  intensity  of  a  light  source 
is  to  be  determined,  the  screen  at  A  is  replaced  by  a  small  aperture 
and  a  diffusing  surface  I  is  put  in  place  of  the  mirror  //,  The  illumi- 
nation of  I  is  now  compared  with  the  illumination  of  A',  and  when 
the  two  are  made  equal,  the  photometer  reads  the  candle-power  of  the 
light  source,  or  some  multiple  of  this  candle-power.  The  range  of 
this  instrument  is  increased  by  tlie  use  of  suitably  arranged  absorbing 
screens  which  may  be  readily  inserted  or  removed  and,  as  ordinarily 
equipped,  the  range  in  foot-candles  is  approximately  from  .004  to 
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20()0.  T]ie  \arifty  of  uses  whicli  t-aii  1k'  made-  ()f  such  a  photometer 
is  larnc  and  some  iiU-a  of  its  p()rtahility  can  he  ohtauicd  from  the 
dimensions  of  tlie  l)ox,  24"x4J"Xo",  and  its  weight,  fully  equipped. 


of  S   jMiunds.      Ciinsidcrinf;   its   cnnipiicltK-ss,    this    [)lioti)m<'ter  is 
capiilile  of  fiR'at  ai'tairaty. 

Integrating  Photometers.     Mutihrirn.    This  photometer  is  used 
to  some  extent  and  a  very  ^mvX   idea  of  its  eonstructioii  can  be 
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obtained  from  Fig.  92,  ]iy  means  of  a  sjstem  of  mirrors,  the  light 
given  l>y  the  lamp  in  several  directions  may  be  integrated  and  thrown 
on  the  photometer  screen  for  comparison  with  the  standard,  the  result 
giving  the  mean  spherical  candle-power  from  one  reading.  By  cover- 
ing all  but  one  pair  of  screens,  the  hght  given  in  any  one  direction 
is  easily  determined. 

Another  type  of  integrating  ])hotometer  is  known  as  the  "inte- 
grating sphere"  or  globe  photometer.     If  a  light  source  is  placed 


within  a  sphere  the  Interior  walls  of  which  are  coated  with  a  white 
diffusing  surface  the  illumination  of  that  surfac'e  at  any  point  is  due 
partly  to  the  light  falling  on  it  directly,  and  partly  to  the  light 
reflected  from  the  remainder  of  the  surface  of  the  sphere.  The 
reflected  light  is  proportional  to  the  total  flux  of  light  from  the  li^ht 
source  and  .so,  if  the  direct  light  is  screened  from  the  point  considered, 
its  illumination  is  proportional  to  the  total  flux  of  light,  and  hence  to 
the  mean  spherical  candle-power  of  the  light  source. 
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The  practical  application  of  this  principle  is  so  to  arrange  our 
properly  coated  sphere  that  the  lamp  to  be  tested  may  be  readily 
inserted;  to  replace  a  small  portion  of  the  sphere  by  a  piece  of  un- 
polished white  glass;  to  shut  off  the  direct  rays  of  the  lamp  to  be 
measured  from  this  glass  surface;  and  so  to  mount  a  photometer 
screen  and  standard  lamp  that  the  illumination  of  the  glass  section 
can  be  measured.  Under  these  conditions  the  illumination  of  the 
glass  screen  is  proportional  to  the  mean  spherical  candle-power  of  the 


lamp  under  test.  A  substitution  method  is  used  in  practice.  A 
standardized  lamp  of  the  general  type  of  the  one  to  be  tested  is  mount- 
ed in  the  sphere  and  the  constant  of  the  instrument  for  this  type  of 
lamp  is  determineii.  The  unknown  lumps  are  then  put  in  place  a;:(l 
their  candle-power  is  readily  determii:cil,  once  the  constant  of  the 
instrument  is  known.  Fins.  O-T  aTui  04  f.We  some  views  of  the  inte- 
prating  sphere  and  Jnilicate  the  range  i>f  the  sii^cs  in  which  it  may  be 
coHstructe<L 
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INCANDESCENT  LAMP  PHOTOMETRY 

Apparatus.    Some  sort  of  screen,  either  the  Bunsen  type  or  the 
Lummer-Brodhun  screen  preferred,  should  be  mounted  on  a  carriage 


Fig.  96. 


moving  on  a  suitable  scale,  and  the  lamp  holders,  one  for  the  stand- 
ard, the  other  for  the  lamp  to  be  tested,  are  mounted  at  the  ends  of 
this  scale.  There  are  several  types  of  so-called  station  photometers 
arranged  so  as  to  be  very  convenient  for  testing  incandescent  lamps. 
Kg.  95  shows  one  form  of  station  photometer  manufactured  by  Queen 
and  Company.  The  controlling  rheostats  and  shieklirg  curtains  are 
not  shown  here.    Kg.  96  shows  a  form  of  portable  photometer  for 


Fig.  96.     Punablc  Pbai 


Incandescent  lamps.    The  length  of  scale  should  not  be  less  than 
100  centimeters,  and  150  to  200  centimeters  is  preferred.    This  »     e 
may  be  divided  into  centimeters  or,  for  the  purpose  of  doing      ray 
with  much  of  the  calculation,  the  scale  may  be  a  proporti 
Thb  scale  is  based  on  the  law  of  inverse  squares  and  p 
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ratio  of  the  squares  of  the  distances  from  the  two  lights  beinp  com- 
pari-il.  If  the  Htamlartl  usei!  always  has  the  same  value,  the  scale 
may  Ix-  ma<]e  to  read  in  eandle-iHtwers  (lirectly. 

For  mean  horizontal  candle-power  measurements,  the  lamp 
should  l)e  rotated  at  180  revolutions  per  minute,  when  mounte<l  in  a 
vertical  i>osition.  I^mps  giving  a  uniform  horizontal  distribution 
cur\'e  need  not  be  rotate<l. 

For  distribution  curves  a  universal  lamp  holder,  which  will 
a!l<»w  the  lamp  to  Ik;  plac'ed  in  any  i>osition  and  which  indicates  this 
position,  is  used. 

l-'or  mean  spherical  candle-power  the  following  method  is  used 
when  the  Matthews  or  integrating-sphere  photometer  is  not  avail- 
able: 

Measurement  of  the  Spherical  intensity.  For  convenience,  the 
tip  of  the  lamp  and  its  base  may  I>e  termed  the  north  and  south 
poles,  respectively.  The  lamp  is  placed  in  an  adjustable  holder  and 
readings  taken  with  the  lamp  in  thirty-eight  positions,  as  follows: 

The  mpiin  of  i:{  rcHiiingM  tiiken  ill  intctral.-i  of  30°  is  iiiken  to  give  the  mean 
horiiontiil  tiiiHllc-iiowcr. 

HdRimiinK  iijtain  at  l)"  a^iiniilh,  ihirlii'n  roftiliii(ts  aro  madp  in  ihc  primp 
n)(-ri(ljan  or  vcrl.iral*('irrli>,  tlio  interval  anain  bt^inf;  30°  and  the  laiit  rcaiiitig 
chwikiiift  t^^l^  fifHl, 
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The  poinia  thus  laid  off  on  Ihi;  refcrcnon  sphere  are  approximately  equi- 
distant, being  somewhat  eloscr  together  at  the  equator  than  at  the  poles. 

When  the  lamp  is  rotated,  rt-adirif^s  aro  taken  for  each  15°  or  30° 
in  inclination,  from  0"  to  9()°  and  from  0°  to  270°,  These  are  inte- 
grated values  for  their  corresponding  parallels  of  latitude  on  the 
unit  sphere. 


1 1/60* 


The  mean  spherical  candle-power  from  these  readings  may  best 
be  obtained  by  plotting  a  distribution  curve  from  the  readings,  deter- 
mining the  area  of  this  closetl  curve  by  means  of  a  ])liinimcter  and 
taking  the  racHus  of  an  e«|uivulent  circle  as  the  value  for  the  mean 
spherical  candle-power. 
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Rousseau  Diagram.  The  Rousseau  diagram  may  be  used  for 
determining  the  mean  spherical  candle-power  of  a  lamp  when  its 
vertical  distribution  curve  is  known.  Fig.  97  shows  such  a  diagram 
made  up  for  a  gem  lamp  with  a  bowl  reflector.  Whore  the  hori- 
zontal distribution  curve  of  the  lamp  is  not  uniform,  the  values  for 
the  vertical  distribution  cur^'e  should  be  taken  with  the  lamp  rotat- 
ing so  as  to  give  average  values  at  each  angle.  One-half  of  the  dis- 
tribution curve  is  drawn  to  scale  .(  and  a  circle  B  is  drawn  with  the 
source  of  light  0  as  a  center,  liadii  C  are  drawn  at  equa)  angles 
about  the  light  source  and  extended  until  they  intersect  the  circle  B. 
The  points  of  intersection  of  these  lines  with  the  circle  are  projected 
upon  the  straight  line  D  E.  Distances  fn>m  this  line  are  laid  ofF  on 
the  verticals  F  equal  to  the  distances  from  the  <'entiT  of  the  circle  to 
the  points  where  the  corresponding  ra<lii  cut  the  distribution  curve. 
The  area  enclose{l  between  the  straight  line  D  E  and  a  curve  drawn 
through  the  points  just  determineil,  0  I!,  (li\ided  by  the  base  line, 
is  equal  to  the  mean  spherical  candle-power  of  the  lamp.  If  the 
mean  candle-power  of  the  lamp  within  a  certain  angle  is  desired,  it 
is  only  necessarj'  to  find  the  area  of  the  diagram  within  the  space 
indicated  by  that  angle  and  divide  I)y  the  corresponding  base. 

In  all  tests  the  voltage  of  the  lamp  must  be  very  closely  regulated. 
A  storage  battery  forms  the  ideal  sourt-e  of  current  for  such  purposes. 
In  testing  incandescent  lamps,  a  standard  similar  to  the  lamp  being 
tested  is  desirable  and  it  should,  prefenihly,  l>e  connected  to  the  same 
leads.  Any  ■i'ariation  in  the  voltage  ()f  the  mains  then  affects  both 
lamps  and  the  error  intniduced  is  slight. 

ARC  LIGHT  PHOTOMETRY 

Method  Used.  Owing  to  the  variation  of  the  amount  of  light 
given  out  by  an  arc-  lump  in  one  direction  at  any  time,  due  to  varia- 
tion of  the  qualities  of  the  carixms,  position  of  the  arc,  and  also  on 
account  of  the  color  of  the  light,  etc.,  the  photometry  of  arc  lamps  is 
much  more  diflicult  than  tJiat  of  inciuidcsccnt  lumps.  The  curves 
shown  in  Figs.  2(i  and  27  are  average  distrilmtion  curves  taken  from 
several  lamps  and  will  vary  considenihly  fur  any  one  lamp.  If  the 
arc  is  enclosed,  this  variation  is  Tiot  so  great. 

The  working  standard  should  be  an  incandescent  lamp  run  at 
a  voltage  above  the  normal  so  that  the  cpiality  of  the  light  will  com- 
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pare  favorably  with  that  of  the  arc.  Since  an  incandescent  lamp 
deteriorates  rapidly  when  run  at  over  voltage,  the  standard  can  be 
used  only  for  short  intervals  and  must  be  frequently  checked. 

Since  an  arc  lamp  can  be  mounted  in  one  position  only,  mirrors 
must  be  used  to  obtaiti  distribution  curves.  A  mirror  is  used  mounted 
at  45°  with  the  axis  of  the  photometer  and  arranged  so  as  to  reflect 
the  arc  when  in  different  positions.  A  mirror  absorbs  a  certain  per 
cent  of  the  light  falling  upon  it  and  this  percentage  must  be  deter- 
mined by  using  lamps  previously  standartlized.  The  length  of  the 
photometer  bar  must  include  the  distance  from  the  mirror  to  the  arc. 

The  Weber  photometer  is  well  adapted  to  are-light  measure- 
ments inasmuch  as  appropriate  screens  may  be  used  to  cut  down 
the  intensity  of  the  light. 

A  special  form  of  the  Matthews  photometer  is  also  used  for 
testing  arc  lamps. 

Illuminometer.  For  the  comparison  of  the  illumination  from 
arc  lamps  as  installed  in  service,  an  instrument  known  as  an  "illumi- 
nometer" is  sometimes  used.  This  consists  of  a  light  wooden  box, 
readily  portable,  having  a  black  interior  and  arranged  with  two 
openings.  One  of  these  openings  is  for  the  purpose  of  admitting 
light,  from  the  source  being  considered,  to  a  printed  card.  The  other 
opening  is  for  the  purpose  of  viewing  this  card,  when  illuminated  by 
the  light  source.  The  printing  on  the  card  Is  made  up  from  type  of 
different  sizes  ethI  the  smallest  size  which  is  legible,  together  with 
the  distance  from  the  light  source,  is  noted.  Another  method  of 
application  is  to  select  some  definite  size  of  type  and  then  to  move 
the  instrument  from  the  light  source  to  a  point  where  this  type  is 
just  legible  and  note  the  distance.  From  similar  measurements 
taken  on  different  lamps  a  good  comparison  may  be  obtained.  Such 
an  instrument  is  very  convenient  to  use  and  results,  obtained  by 
different  observers,  check  very  closely. 

Flicker  Photometer.  The  flicker  photometer  is  used  for  the 
comparison  of  different  colorc<l  lights,  the  basis  for  comparison 
being  that  each  light,  though  different  In  color,  shall  produce  light 
sensations  equally  intense  for  the  purpose  of  distinguishing  outlines. 
It  consists,  in  one  form,  of  an  arrangement  by  means  of  which  a 
sectored  disk  is  rotated  in  front  of  each  light  source,  these  disks 
being  so  arranged  that  the  light  from  one  source  Is  cut  off  while  the 
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other  falls  on  the  screen  and,  viee  versa,  any  form  of  sereen  being 
used  for  making  the  tomparisun.  The  (lisks  must  be  revolved  at 
such  a  rate  that  the  Iij{ht,  viewed  from  tlie  ojiposhe  side  will  appear 
continuous.  When  the  ilhimination  of  the  two  sides  of  tiie  screen, 
under  these  coniiitions,  is  not  the  same,  there  will  be  a  perceptible 
flicker  and  tlie  screen  shoukl  be  s»  adjusted  that  this  flicker  disap- 
pears. The  value  of  the  light  source  can  then  ]ie  cak-ulated  from 
the  screen  reading  in  the  usual  manner.  Another  device  consists 
of  the  use  of  a  special  lens  mounted  in  fn>nt  of  a  weilge-shaped 
screen,  tlie  lens  being  constructed  so  as  to  rever.'^e  the  image  of  the 
two  sides  of  the  screen,  as  viewed  bj'  the  eye,  when  such  lens  is  in 
front  of  the  screen.  The  lens  is  so  inoiinte<l  that  it  can  l)e  oscillated 
rapidly  in  front  of  the  s<Teen,  giving  the  siime  result  as  would  be 
obtained  were  it  possible  to  reverse  the  screen  at  such  a  rapid  rate  as 
to  cause  the  illumination  un  the  two  sides  to  api)ear  continuous.  The 
setting  of  this  screen  is  acooinplishcd  as  with  the  more  simple  forms. 

Still  another  flicker  photometer,  the  Simmancc-Abady,  makes 
use  of  a  rotating  whi-el.  This  whivl  is  made  of  a  white  material 
having  a  diffusing  surface  and  its  edge  is  so  beveled  that  during  part 
of  a  revolution  a  surface  illuminated  by  one  of  the  light  sources  is 
viewc<I  through  the  oyepie<-e  of  the  iiistrimiciit  and,  during  the  other 
part  of  the  revolution,  a  surface  viewed  by  the  sceoiid  light  source  is 
oljserved.  The  flicker  occasioned  by  this  change  disappears  when 
the  screen  is  brought  to  a  point  where  it  is  wiuidly  illuminated  by  the 
two  light  sources. 

liy  the  use  of  such  forms  uf  i»liotoincters,  it  is  found  that  results 
with  different  colored  lights  can  be  obdiincil  which  are  comparable 
with  results  obtained  with  lights  of  tlic  same  color. 
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SHEET  METAL  WORK 

PART  I 


SKVLIQHT  WORK 

Where  formerly  skylights  were  constructed  from  wrought  iron 
or  wood,  to-day  in  all  the  large  cities  they  are  being  made  of  galvanized 
sheet  iron  and  copper.  Sheet  metal  sl^lights,  having  by  their  peculiar 
construction  lightness  and  strength,  are  superior  to  iron  and  wooden 
lights;  superior  to  iron  lights,  inasmuch  as  there  is  hardly  any  expan- 
aon  or  contraction  of  the  metal  to  cause  leaks  or  breakage  of  glass;  and 
superior  to  wooden  lights,  because  they  are  fire,  water  and  condensfi- 
tion- proof ,  and  being  less  clumsy,  admit  more  light. 

The  small  body  of  metal  used  in  the  construction  of  the  bar  and 
curb  and  the  provisions  which  can  be  made  to  cany  off  the  inside  con- 
densation, make  sheet  metal  skylights  superior  to  all  others  constructed 
from  different  material. 

CONSTRUCTION 

The  construction  of  a  sheet  metal  skylight  is  a  veiy  sunple  matter, 
if  the  patterns  for  the  various 
intersections  are  properly  devel- 
oped. For  example,  tlie  bar 
shown  in  Fig.  145  consists  of  a 
piece  of  sheet  metal  having  the 
required  stretchout  and  length, 
and  bent  by  special  machinery, 
or  on  the  r^ular  cornice  brake, 
into  the  shape  shown,  which  rep- 
resents strength  and  rigidity  with 
the  least  amount  of  weight.  A  A 
represent  the  condensation  gut- 
ters to  receive  the  condensation  '*  ""'  '*'  '"^ 
from  the  inside  when  the  warm  air  strikes  against  the  cold  surface  of 
^  glass,  while  B  B  showtiierabbetsor  glass-rest  for  the  glass. 

In  Fig.  146,  C  C  is  a  re-enforcing  .strip,  which  is  used  to  hold  the 
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Fig.  1-17. 


two  walb  O  O  together  arwl  impart  to  it  great  rigidity.     When  skylight 

bars  are  required  to  bridge  long  spans,  an  internal  core  is  made  of 

sheet  metal  and  placed  as  shown  at  A  in  Fig.  147,  which  adds  to  its 

weight-sustaining  power.     In  this  figure  B  B  shows  the  glass  laid  on 
Q  a  bed  of  putty  with  the  metal  cap 

C  C  C,  resting  snugly  against  the 
glass,  fastened  in  position  by  the 
rivet  or  lK»lt  D  D.  WTiere  a  very 
large  span  is  to  he  bridged  a  bar 
similar  to  that  .shown  in  Fig.  148  is 
used.  A  heavy  core  plate  A  made 
of  }-inch  thick  metal  is  used,  riveted 
or  bolted  to  the  bar  at  B  and  B,  In 
construction,  all  the  various  bars 
terminate  at  the  curb  shown  at  A  B 
C  in  Fig.  149,  which  is  fastened  to 
the  wooden  frame  D  E, 
The  condensation  gutters  C  C  in  tlie  bar  b,  carry  tlie  water  into 

the  internal  gutter  in  the  curb  at  a,  thence  to  tlie  outside  through  holes 

provided  for  this  purpose  at  F  F.      In  Fig.  150  is  shown  a  sectional 

view  of  the  construction  of  a  double-pitched 

skylight.     A  shows  the  ridge  bar  with  a  core  in 

the  center  and  cap  attached  over  the  gla^s       B 

shows  the  CToss  bar  or  clip  whidi  !•>  used  ni 

large  skylights  where  it  is  impossible  to  get  the 

glass  in  one  length,  and  where  the  glass  must   ■ 

be  protected  and  leakage  ])re\eiited  b)  means 

of  the  cross  bar,  the  gutter  of  which  condu(,ts 

the  water  into   the  gutter  of   the  mam    bar, 

tlience  outside  the  ciirli  as  before  explained. 

C  is  the  friimo  generally  made  of  woinl  or  angle 

iron  and  covered  by  the  metal  roofer  witJi  flasli- 

iug  as  shown  at  F.     1)  shows  tiic  skyiiglit  l)iiT 

with  <t>re  showing  the  glass  and  cap  in  jjosition.     E  is  tlie  metal  curb 

against  which  the  bars  terminate,  the  condensation   lieiiig  let  out 

tlm)ugh  the  holes  .sJiown. 

Ill  constructing  ])itched  skylights  having  double  pitch,  or  being 

hip|>ed,  the  pitch  is  usually  one-third.     In  other  words  it  is  one-third 
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of  the  span.  If  a  skylight  were  12  feet  wide  and  one-third  pitch  were 
required,  the  rise  in  the  center  would  be  one-third  of  12,  or  4  feet. 
When  a  flat  skylight  is  made  the 
pitch  is  usually  built  in  the  wood 
or  iron  frame  and  a  flat  skylight 
laid  over  it.  The  glass  used  in 
the  construction  of  metallic  sky- 
lights is  usually  J-inch  rough  or 
ribbed  glass;  but  in  some  cases 
heavier  glass  is  used. 

If  for  any  reason  it  is  desired 
to  know  the  weight  of  the  various 
thickness  of  glass,  the  following 
table  will  prove  valuable. 
Weight  of  Rough  Glasa  Per 
Square  Foot. 
Thickness  in  inches. 

i-  iV  i-  i-  i-  »•   I    1- 

Weight  in  pounds. 

2.    2J.  3i.    5.  7.  84.  10.  12J. 
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SHOP  TOOLS 

III  tlie  siimller  shops  the  bars  are  cut  with  the  hand  shears  and 
forme<I  up  on  the  ordinary  cornice  brake.  In  the  larger  shops,  the 
strips  required  for  the  bars  or  curbs  are  cut  on  the  large  squaring 
shears,  and  the  miters  on  tlie  ends  of  these  strips  are  cut  on  what  is 
known  as  a  miter  cutter.  This  machine  consists  of  eight  foot  presses 
onasingletable,  each  press  having  a  different  set  of  dies  for  the  purpose 
of  cutting  tlie  various  miters  on  the  various  bars.  The  bars  are  then 
formed  on  what  is  known  as  a  Drop  Press  in  which  the  bar  can  be 
formed  in  two  operations  to  the  length  of  10  feet. 

METHOD  EMPLOYED  IN  OBTAINING  THE  PATTERNS 

The  methotl  to  be  employed  in  developing  the  patterns  for  the 
various  skylights  is  by  parallel  lines.  If,  however,  a  dome,  conserva- 
tory or  circular  skylight  is  required,  the  blanks  for  the  various  curbs, 
bars,  and  ventilators,  are  laid  out  by  the  rule  given  in  Sheet  Metal 
Work,  Part  IV,  under  "Circular  Work". 

VARIOUS  SHAPES  OF  BARS 

In  addition  to  the  shapes  of  bars  shown  in  Figs.  145  to  148  in- 
clusive, there  is  shown  in  Fig.  l.*)!  a  plain  bar  without  any  condensation 
gutters,  the  joint  being  at  A.  B  B  represents  the  glass  resting  on  the 
rabbets  of  the  bar,  while  C  shows  another  form  of  cap  which  covers 


y    ffi 


Fig.  161,  Fig.  152.  Fig.  153. 

the  j<iint  between  tlie  bar  and  glass.  Fig.  152  gives  another  form  of 
bar  in  which  the  condensation  gutters  and  bar  are  formed  from  one 
piece  of  metal  with  a  locked  hidden  scam  at  A.  Fig,  153  shows  a  bar 
on  which  no  putty  is  required  when  glazing.  It  will  be  noticed  that 
it  is  bent  from  one  piece  of  metal  with  the  seam  at  A,  the  glass  B  B 
resting  on  the  combination  rabbets  and  gutters  C  C.  D  is  the  cap 
which  is  fa.steiied  by  means  of  the  cleat  E.  These  cleats  are  cut  about 
J-inch  wide  from  soft  14-oz  copper,  and  riveted  to  tlie  top  of  the  bar 
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at  F;  then  a  slot  is  cut  into  the  cap  D  as  shown  from  a  to  6  in  Fig.  154; 
then  the  cap  is  pressed  firmly  onto  the  glass  and  the  cleat  E  turned 
down  which  holds  the  cap  in  position. 

When  a  skylight  is  constructed  in  which  raising  sashes  are  t^ 
quired,  as  shown  in  Fig.  155,  half  bars  are  required  at  the  sides  A  and 
B,  while  the  bars  on  each  side  of  the  sash  to  be 
raised  are  so  constructed  that  a  water-tight  joint 
is  obtiuned  when  closed.     This  is  shown  in  Fig. 
156,  which  is  an  enlarged  section  through  A  B  in 
Fig.  155.    Thus  in  Fig.  156,  A  A  represents  the 
two  half  bars  with  condensation  gutters  as  shown, 
the  locked  seam  taking  place  at  B  B.     C  C  repre- 
sent the  two  half  bars  for  the  raising  sash  with  the  caps  D  D  attach- 
ed to  same,  as  shown,  so  that  when  the  sash  C  C  is  closed,  the  caps 


Fig.  154. 


Fig.  155. 
D  D  cover  the  joint  between  the  glass  E  E  and  the  stationary  half 
bars.     F  F  are  the  half  caps  soldered  at  a  a  to  the  bars  C  C  which 
protect  the  joints  between  the  glass  H  H  and  the  bars  C  C. 

VARIOUS  SHAPES  OF  CURBS 
In  Figs.  157,  158  and  159 
are  shown  a  few  shaj>es  of  curbs 
which  are  used  in  connection 
with  flat  skylight's.  A  in  Fig. 
157  shows  the  curb  for  the  three 
sides  of  a  flat  skylight,  formed  in 
one  piece  with  a  joint  at  B,  while 
previously  described.    "A"  shows  the 


Fig.  156. 


C  shows  the  cap,  fastened 

height  at  the  lower  end  of  the  curb,  which  is  made  as  high  as  the 

glass  is  thick  and  allows  the  water  to  run  over.     In  Fig.  158,  A  is 
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another  form  of  sl^Iight  fonned  in  one  piece  and  riveted  at  6; 
a  shows  the  hdght  at  the  lower  end.  In  the  previous  figures  the  frame 
on  whidi  the  metal  curb  rests  is  of  wood,  while  in  Fig.  159  the  frame  is 


Fig.  157.  Fig.  158.  Fig.  159. 

of  angle  iron  shown  at  A.  In  this  case  tlie  curb  is  slightly  dianged 
as  shown  at  B ;  bent  in  one  piece,  and  riveted  at  C.  In  Figs.  160, 161, 
and  162  are  shown  various  shapes  of  cui'bs  for  pitched  sl^lights  in 
addition  to  that  shown  in  Fig.  149,  A  in  Fig,  160  shows  a  curb  formed 
in  one  piece  from  a  to  t  with  a  condensation  hole  or  tube  shown  at  B. 


Rg.  160.  rig.  161.  Fig.  102. 

In  Fig.  161  is  shown  a  slightly  modified  shape  A,  with  an  offset  to 
rest  on  the  curb  at  B.  When  a  skylight  is  to  be  placed  over  an  opening 
whose  walls  are  brick,  a  gutter  is  usually  placed  around  the  wall,  as 
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shown  in  Fig.  163,  id  which  A  represents  a  section  of  the  wall  on  which 
a  gutter,  B,  is  hung,  formed  from  one  piece  of  metal,  as  shown  from  a 
to  &  to  c.  On  top  of  this  the  metal  curb  C  is  soldered,  which  is  also 
formed  from  one  piece  with  a  lock  seam  at  i.  To  stiffen  this  curb  a 
wooden  core  k  slipped  inade  as  shown  at  D,  From  the  inside  con- 
densation gutter  /  a  14-oz.  copper  tube  runs  through  the  curb,  shown 
at  d.  The  condensation  from  the  gutter  e  in  the  bar,  drips  into  the 
gutter  /,  out  of  the  tube  d,  into  the  main  gutter  B ,  from  which  it  is  con- 
veyed to  the  outside  by  a  leader. 

In  Fig.  163  is  shown  an  enlarged  section  of  a  raising  sash,  taken 
through  C  D  in  Fig.  155.  A  in  Fig.  163  shows  the  ridge  bar,  B  the 
lower  curb  and  C  D  the  side  sections  of  the  bars  explained  in  connec- 
tion with  Fig.  156.  E  F  in 
Fig.  163  shows  the  upper 
frame  of  the  raising  sash,  6t-  , 
ting  onto  the  half  ridge  bar 
A.  On  each  raising  sash,  at 
4he  upper  end  two  hinges  H 
are  riveted  at  E  and  I,  which 
allow  the  sash  to  raise  or  close 
by  means  of  a  cord,  rod,  or 
gearings.  J  K  shows  the 
lower  frame  of  the  sash  fitting 
over  the  curb  B.  Holes  are 
punchy  at  a  to  allow  the 
condensation  to  escape  into  b, 
thence  to  the  outside  through  Fig.  163. 

C.  Over  the  hinge  H  a  hood  or  cap  is  placed  which  prevents 
leakage.  Fig.  164  shows  a  section  through  A  B  in  Fig.  167  and  rep- 
resents a  hipped  skylight  having  one-third  pitch.  By  a  skylight  of 
one-third  pitch  Is  meant  a  skylight  whose  ahitude  or  height  A  B,  is  equal 
to  one-third  of  the  span  C  D.  If  the  skylight  was  to  have  a  pitch  of 
one-fourth  or  one-fifth,  then  the  altitude  A  B  would  equal  one-fourth 
OT  one-fifth  respectively  of  the  span  C  D. 

The  illustration  shows  the  construction  of  a  hipped  skylight  with 
ridge  ventilator  which  will  be  briefly  described.  C  D  is  the  curb;  E  E 
the  inside  ventilator;  F  F  the  outside  ventilator  forming  a  cap  over  the 
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glass  at  a.  G  shows  the  hootl  held  in  position  by  two  cross  braces  H. 
J  Tepre?ents  a  section  of  the  common  bar  on  (he  rabbets  of  whic^  the 
glass  K  K  rests.    L  shows  the  condensation  gutters  on  the  bar  J, 


Fig.  164. 

wliich  are  notclie<l  out  as  shown  at  M,  thus  allowing  the  drip  to  enter 
tlie  gutter  N  and  discharge  through  the  tube  P.  The  foul  air  escapes 
under  the  hood  G  as  shown  by  the  arrow. 
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VARIOUS  STYLES   OF  SKYLIGHTS 
In  Fig.  165  ia  shown  what  is  known  as  a  single-pitch  light,  and  is 
placed  on  a  curb  made  by  the  carpenter  which  has  the  desired  pitch. 


Fig.  106. 
These  sl^Iights  are  chiefly  used  on  steep  roofs  as  shown  in  the  illus- 
tration, and  made  to  set  on  a  wooden  curbs  pitching  the  same  as  the 


Fig.  167. 
roof,  the  curb  first  being  flashed.     Ventilation  is  obtained  by  raising 
one  or  more  lights  by  means  of  gearings,  as  shown  in  Fig.  loo. 
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Fig.  166  shows  a  douttle-pitch  skylight.  Ventilation  is  obtained 
by  placing  louvres  at  each  end  as  shown  at  A.  Fig.  167  shnws  & 
skylight  with  a  ridge  ventilator.  The  comer  bar  C  is  called  the  hip 
bar ;  the  small  bar  D,  mitering  against  the  corner  bar,  is  called  the  jack 
bar,  while  E  is  called  the  common  bar.  Fig.  168  illustrates  a  hip  moD- 
itor  skylight  with  glazed  opening  sashes  for  ventilation.  These  sashes 
can  be  opened  or  closed  separately,  by  means  of  gearings  similar  to 
those  shown  in  Fig.  177      In  Fig.  169  is  shown  the  method  of  rusmg 


Fig.  169. 
sashes  in  conservatories,  greenhouses,  etc.,  the  same  apparatus  being 
applicable  to  both  metal  and  wooden  sashes.     Fig.  170  shows  a  view 
of  a  photographer's  skylight ;  if  desired,  the  vertical  sashes  can  be  made 
to  open. 

In  Fig,  171  is  shown  a  flat  extension  skylight  at  the  rear  of  a  store 
or  building.  The  upper  side  and  ends  are  flashed  into  the  brick  work 
and  made  water-tight  with  waterproof  cement,  while  the  lower  side 
rests  on  the  rear  wall  to  which  it  is  fastened.     In  some  eases  the  rear 
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gutter  13  of  cast  iron,  put  up  by  the  iron  worker,  but  it  is  usuallv  made 
of  No,  22  galvanized  iron,  or  20-oz.  cold-rolled  copper.  To  receive 
the  bottom  of  the  gutter  and  skylight,  the  wall  should  be  covered  by  a 
wooden  plate  A,  Fig.  172,  about  two  inches  thick,  and  another  plank 
set  edgeways  flush  with  the  inside  of  the  wall,  as  shown  at  B.  The 
two  planks  are  not  required  when  a  cast  iron  gutter  is  used. 

Fig.  173  shows  a  hipped  skylight  without  a  ridge  ventilator,  set 
on  a  metal  curb  in  which  louvres  have  been  placed.  These  louvres 
may  be  made  stationary  or  movable.     When  made  movable,  they  are 


Fig.  170. 
constructed  as  shown  in  Fig.  174,  in  which  A  shows  a  perspective  view, 
B  shows  them  closed,  and  C  open.  They  are  operated  by  the  quad- 
rants attached  to  the  upright  bars  a  and  b,  which  in  turn  are  pulled  up 
and  down  by  cords  or  chains  worked  from  below.  When  a  skylight 
has  a  veiy  long  span,  as  in  Fig.  175,  it  is  constructed  as  shown  in  Fig. 
176,  in  which  A  represents  a  T-beam  which  can  be  trussed  if  necessary. 
This  construction  allows  the  water  to  escape  from  the  bottom  of  the 
upper  light  to  the  outside  of  the  top  of  the  lower  skylight,  the  curb  C 
of  the  upper  light  fitting  over  the  curb  B  of  the  lower  light. 
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In  Fig.  177  is  shown  the  method  of  applying  the  gearings     A 
shows  tlie  side  view  of  the  metal  or  wooden  sash  partly  opened,  B  the 


Fig,  171. 

end  of  the  main  shaft,  and  C  the  binder  that  fastens  the  m^n  shaft  to 
the  upright  or  rafter.  D  shows  the  ({uadrant  wheel  attached  to  main 
shaft  and  E  is  the  worm  wheel,  geared  to  the  quadrant  D,  commun- 
icating motion  to  the  whole  shaft. 
F  is  a  hinged  arm  fastened  to  the 
main  shaft  B  and  hinged  to  the 
sash.  By  turning  the  hand-wheel 
the  sash  can  be  opened  at  any 
angle. 

DEVELOPMENT  OF  PATTERNS 
FOR  A  HIPPED  SKYLIGHT 
Tlie   following    illustrations 
and  text  will  explain  the  princi- 
ple.'i  involved  in  developing  the 
patterns  for  the  ventilator,  curb, 
hip  bar,  common  bar,  jack  bar, 
and    cross   b  a  r  or    clip,   m   a 
hipped  skylight.      These  princi- 
ples are  also  applicable  to  any  other  form  of  light,  whether  flat, 
double-pitch,  sinele-pitdi,  etc. 
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In  Fig.  178  is  shown  a  half  section,  a  quarter  plan,  and  a 
diagonal  elevation  of  a  hip  bar,  including  the  patterns  for  the  curb, 
hip,  jack,  and  common  bars.  The  method  of  making  these  drawings 
will  be  explwned  in  detail,  so  that  the  student  who  pays  close  attention 


Pig  173 
will  have  no  difficulty  in  laying  out  any  patterns  no  matter  what  the 
pitch  of  the  skylight  may  be,  or  what  angle  Its  plan  may  have. 

First  draw  any  center  line  as  A  B,  at  right  angles  to  which  lay  off 
C  4',  equal  to  12  inches.    A^uuming  that  the  light  is  to  have  one-third 


Fig.  174. 
pitch,  then  make  the  distance  C  D  equal  to  8  inches  which  is  one-third 
of  24  inches,  and  draw  the  slant  line  D  4.'  At  right  angles  to  D  4' place 
a  section  of  the  common  bar  as  shown  by  E,  through  which  draw  Unes 
parallel  to  D  4',  intersecting  the  curb  shown  from  a  to  /  at  the  bottom 
and  the  inside  section  of  the  ventilator  from  F  to  G  at  the  top.     At 
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pleasure  draw  the  section  of  the  outside  vent  shown  from  ktol  and  the 
hood  shown  from  m  to  p.  X  represents  the  section  of  the  brace  resting 
on  t  J  to  uphold  the  hood  resting  on  it  in  the  comer  o.    The  condensa- 


Fig.  175. 
tion  gutters  of  the  common  bar  E  are  cut  out  at  die  bottom  at  5'  6' 
which  allows  the  drip  to  go  into  the  gutter  d  e  f  ot  the  curb  and  pass 
out  of  the  opening  indicated  by  the  arrow.  Number  the  comers  of 
each  half  of  the  common  bar  section  E  as  shown,  from  1  to  6  on  each 
side,  through  which  draw  lines 
parallel  to  D  4'  until  they  inter- 
sect the  curb  at  the  bottom  as 
shown  by  similar  numbers  1'  to 
6',  and  the  inside  ventilator  at  the 
top  by  similar  figures  1*  to  ff'. 
This  completes  the  one  half-sec- 
tion of  the  skylight.  From  this 
section  the  pattern  for  the  com- 
mon bar  can  be  obtained  without 
tiie  plan,  as  follows: 
At  right  angles  to  D  4'  draw  the  line  I  J  upon  which  place  the 
stretchout  of  the  section  E  as  shown  by  similar  figures  on  I  J.  Through 
these  small  figures,  and  at  right  angles  to  I  J,  draw  lines,  and  intersect 
them  by  lines  drawn  at  right  angles  to  D  4'  from  similarly  numbered 
intersections  1'  to  6'  on  the  curb  and  1"  to  6'  on  the  inside  ventilator. 
Trace  a  line  through  points  thus  obtained ;  then  A'  B'  C  D'  will  be  the 


Fig.  176. 
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p^ittern  for  the  common  bar  in  a  hipped  skylight.  The  same  method 
would  be  employed  if  a  pattern  were  developed  for  a  flat  or  a  double- 
pitch  hght.  From  this  same  half  section  the  pattern  for  the  curb  is 
developed  by  taking  the  stretchout  of  the  various  corners  in  the  curb, 
a  6  3'  4'  c  d  e  and  /,  and  placing  them  on  the  center  line  A  B  as  shown 
by  Eijpiilar  letters  and  figures.  Through  these  divisions  and  at  right 
angles  to  A  B  draw  lines  which  intersect  with  lines  drawn  at  right 
angles  to  C  4'  from  similar  points  in  the  curb  section  a  f.  Trace  a  line 
through  points  thus  obtained ;  then  E'  F"  /  a  will  be  the  half  pattern  for 
the  curb  shown  in  the  half  section.  V  represents  the  condensation  hole 
to  be  punched  into  the  pattern  between  each  light  of  glass  in  the  sky- 
light.   As  the  portion  c  d  turns  up  on  c  4',  use  r  as  a  center,  and  with 


Kg.  177. 
the  radius  r  s  strike  the  semicircle  shown.    Above  this  aemidrcle 
punch  the  hole  V. 

Before  the  patterns  can  be  obtained  for  tlie  hip  and  jack  bars,  a 
quarter  plan  view  must  be  constructed  which  will  give  the  points  of 
intersections  between  the  hip  bar  and  curb,  between  the  hip  bar  and 
vent,  or  ridge  bar,  and  between  the  hip  and  jack  bar.  Therefore,  from 
any  point  on  the  center  line  A  B  as  K,  draw  K  L  at  right  angles  fo  A  B. 
As  the  skylight  forms  a  right  angle  in  plan,  draw  from  K,  at  an  angle 
of  45",  the  hip  or  diagonal  line  K  1°.  Take  a  tracing  of  the  common 
bar  section  E  with  the  various  Bgures  on  same,  and  place  it  on  the  hip 
line  K  1*  in  plan  so  that  the  points  1  4  come  directly  on  the  hip  as 
drawn  bj  E*.    Tlirough  the  various  figures  draw  lines  parallel  to  K 1° 
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oneJialf  of  which  are  intersected  by  vertical  hnes  drawn  parallel  to  A 
B  from  similar  points  of  intersection  1'  to  6'  on  the  curb,  and  1"  to  6" 
on  the  ventilator  in  tlie  half  section,  as  shown  respectively  in  plan  by 
intersections  1°  to  6°  and  1"  to  6''.  Below  the  hip  line  K  1°  trace  the 
oppo^te  intersection  as  shown.  It  should  be  understood  that  the 
section  E'  in  plan  does  not  indicate  the  true  profile  of  the  hip  bar 
(whidi  must  be  obtained  later),  but  is  only  placed  there  to  give  the  hori- 
zontal distances  in  plan.  In  laying  out  the  work  in  practice  to  full  size, 
the  upper  half  intersection  of  the  hip  bar  in  plan  is  all  that  is  required. 
It  will  be  noticed  that  the  points  of  intersections  in  plan  and  one  half 
section  have  similar  numbers,  and  if  the  student  will  carefully  follow 
each  point  the  method  of  these  projections  will  become  apparent. 

Having  obtained  the  true  points  of  intersections  in  plan  the  next 
step  is  to  obtain  a  diagonal  elevation  of  the  hip  bar,  from  which  a  true 
section  of  the  hip  bar  and  pattern  are  obtained.  To  do  this  draw  any 
line  as  R  M  parallel  to  K  1°.  This  base  line  K  M  has  the  same  eleva- 
tion as  the  base  line  C  4'  has  in  the  half  section.  From  the  various 
points  1°  to  6°  and  1"  to  6"  in  plan,  erect  lines  at  right  angles  to  K  1° 
crossing  the  line  R  M  indefinitely.  Now  measuring  in  each  and  every 
instance  from  the  line  C  4'  in  the  half  section  take  the  various  distances 
to  points  D  1'  2"  3*  4"  5"  and  6"  at  the  top,  and  to  points  1'  2'  3'  4'  5' 
and  6'  at  the  bottom,  and  place  them  in  the  diagonal  elevation  meas- 
uring in  each  and  every  instance  from  the  line  R  M  on  the  similarly 
numbered  lines  drawn  from  the  plan,  thus  locating  respectively  the 
points  N  I''  2^  3^  4^  5^  and  Q^  at  the  top,  and  F  2'  Z'  4^  5"  and  S'  at 
the  bottom.  Through  liie  points  thus  obtained  draw  the  miter  lines 
1'  to  6'  and  1'  to  6'  and  connect  the  various  points  by  lines  as  shown, 
which  completes  the  diagonal  elevation  of  the  hip  bar  intersecting  the 
curb  and  vent,  or  ridge.  To  obtain  the  true  section  of  the  hip  bar, 
take  a  tracing  of  the  common  bar  E  or  E'  and  place  it  in  the  position 
shown  by  E',  being  careful  to  place  the  points  1  4  at  right  angles  to 
1'  1'  as  shown.  From  the  various  points  in  the  section  E'  at  right 
angles  to  P  1^  draw  lines  intersecting  similarly  numbered  lines  in  the 
diagonal  elevation  as  shown  from  1  to  6  on  either  side.  Connect  these 
points  as  shown;  then  E'  will  be  the  true  profile  of  the  hip  bar.  Note 
the  difference  in  the  two  profiles;  the  normal  E'  and  the  modified  E'. 

Having  obtained  the  true  profile  E*  the  pattern  for  the  hip  bar  b 
obtained  by  drawing  the  stretchout  line  O  P  at  right  angles  1^  1'. 
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Take  the  stretchout  of  the  profile  E*  and  place  it  on  O  P  as  shown  hy 
^milar  figures.  Through  these  small  figures  and  at  right  angles  to 
O  P  draw  lines  which  intersect  by  lines  drawn  at  right  angles  to  1^  1' 
from  similarly  numbered  points  at  top  and  bottom,  thus  obtaining  the 
points  of  intersections  shown.  A  Une  traced  through  the  points  thus 
obtained,  as  shown  by  H*  J'  K"  L'  will  be  the  pattern  for  the  hip  bar. 

For  the  pattern  for  the  jack  bar,  take  a  tracing  of  the  section  of  the 
common  bar  E  and  place  it  in  the  position  in  plan  as  shown  by  E* 
being  careful  to  have  the  points  1  and  4  at  right  angles  to  the  line  1"  1°. 
It  is  immaterial  how  far  the  section  E'  is  placed  from  the  comer  2°  as 
the  intersection  with  the  hip  bar  remans  the  same  no  matter  how  far 
the  section  is  placed  one  way  or  the  other.  Through  the  various 
corners  in  the  section  E'  draw  lines  at  right  angles  to  the  hne  l*^  1"  inter- 
secting one  half  of  the  hip  bar  on  similarly  numbered  lines  as  shown  by 
the  intersections  I''  2''  3^  4'-  S''  6"-  and  1^  2'_  S'  4'-  5'  and  6' ;  also  inter- 
secting the  curb  in  plan  at  points  1*  to  6*.  The  intersection  between 
the  jack  bar  and  curb  in  plan  is  not  necessary  in  the  development  of 
the  pattern  as  the  lower  cut  in  the  pattern  for  the  common  bar  is  the 
same  as  the  lower  cut  in  the  pattern  for  the  jack  bar.  However,  the 
intersection  is  shown  in  plan  to  make  a  complete  drawing.  At  right 
angles  to  the  line  of  the  jack  bar  in  plan,  and  from  the  various  inter- 
sections with  the  hip  bar,  erect  lines  intersecting  similarly  numbered 
lines  in  the  sec^on  as  shown.  Thus  from  the  various  intersec- 
tions shown  from  l"-  to  C"  in  plan,  erect  vertical  lines  intersect- 
ing the  bar  in  the  half  section  at  points  shown  from  l"-  to  G"*.  In 
similar  manner  from  the  various  points  of  intersections  Z',  5*,  and  6* 
in  plan,  erect  lines  intersecting  the  bar  in  the  half  section  at  points 
shown  by  S''  S''  Cf'.  Connect  these  points  in  the  half  section,  as  shown, 
which  represents  the  line  of  joint  in  the  section  between  the  hip  and  jack 
bars. 

For  the  pattern  for  the  upper  cut  of  the  jack  bar,  the  same  stretch- 
out can  I>e  used  as  that  used  for  the  common  bar.  Therefore,  at  right 
angles  to  D  4'  and  from  the  various  intersections  l""  2^  S'-  4""  5''  and  6'' 
draw  lines  intersecting  similar  numbered  lines  in  the  pattern  for  the 
common  bar  as  shown  by  similar  figures.  In  similar  manner  from  the 
various  intersections  3''  S'  and  G''  in  the  one  half  section,  draw  lines  at 
right  angles  to  I>  4'  intersecting  similarly  numbered  lines  in  the  pattern 
as  shown  by  S'  5''  and  G'.    Trace  lines  from  point  to  point,  then  the 


Digitized  by  VwjOOQIC 


Digitized  by  VjOOQIC 


Digitized  by 


Google 


Digitized  by  VjOOQIC 


Uigitized  by 


Google 


SHEET  METAL  WORK  151 

cut  shown  from  N'  to  P'  will  represent  the  miter  for  that  part  shown  in 
plan  from  2^  to  &^,  and  tlie  cut  shown  from  P'  to  O'  in  the  pattern  will 
represent  the  cut  for  that  part  shown  In  plan  from  2'-  to  6^.  The 
lower  cut  of  the  jack  bar  remains  the  same  as  that  shown  in  the  pattern. 
The  half  pattern  for  the  end  of  the  hood  is  shown  in  Fig.  179,  and 
is  obtained  as  follows:  Draw  any  vertical  line  as  A  B,  upon  which 
place  the  stretchout  of  the  section  of  the  hood  m  n  o  p  in  Fig.  178,  as 
shown  by  similar  letters  m  n  o  p  on  A  B  in  ¥\g.  179.  At  right  angles 
to  A  B  and  through  the  small  letters  draw  lines,  making  them  equal  in 
length,  (measuring  from  the  line  A  B)  to  points  having  similar  letters 
in  Fig.  178,  also  measuring  from  the  center  line  A  B,  Connect  points 
shown  in  Fig,  179,  which  is  the  half  pattern  for  the  end  of  the  hood. 
For  the  half  pattern  for  the  end  of  the  outside  ventilator,  take  the 


HALF  FWTTERN 
FOR  END  OF 
OUTSIDE  VENT 


"  HALF  FWTT  CRN 
FOR  END  OF 

INSIDE  VENT 


Fig.  179. 


Fig.  180. 


Fig.  181. 


stretdiout  othijhlin  Fig.  178  and  place  it  on  the  vertical  line  A  B  in 
Fig.  180  as  shown  by  similar  letters,  through  which  draw  horizontal 
lines  making  them  in  length,  measuring  from  A  B,  equal  to  similar 
letters  in  Fig.  178,  also  measuring  from  the  center  line  A  B.  Connect 
the  points  as  shown  in  Fig.  180  which  is  the  desu-ed  half  pattern.  In 
Fig.  181  b  shown  the  half  pattern  for  the  end  of  the  inside  ventilator, 
the  stretchout  of  which  is  obtained  from  F  1"  2"  3"  4"  H  G  in  Fig.  178, 
the  pattern  being  obtained  as  expl^ned  in  connection  with  Figs.  179 
and  180. 

When  a  sl^llght  is  to  be  constructed  on  which  the  bars  are  of  such 
lengths  that  the  glass  cannot  be  obt^ned  in  one  length,  and  a  cross  bar 
or  dip  is  required  as  shown  by  B,  in  Fig.  150,  which  miters  ag^nst  the 
maio  bar,  the  pattern  for  this  intersecting  cut  is  obtained  as  shown  in 
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Fig.  182.  Let  A  represent  the  section  of  the  main  bar,  B  the  elevatioo 
of  the  cross  bar,  and  C  its  section.  Note  how  thb  cross  bar  is  bent  so 
that  the  water  follows  the  direction  of  the  arrow,  causing  no  leaks  be- 
cause the  upper  glass  a  is  bedded  in  put^,  while  the  lower  light  b  is 
capped  by  the  top  flange  of  the  bar  C  (See  Fig.  150).  Numbo*  all  of 
the  comers  of  the  section  C  as  shown,  from  1  to  8,  from  whidi  points 
draw  hinizontal  lines  cutting  the  main  bar  A  at  points  1  to  8  as  shown. 
At  right  angles  to  the  lines  in  B  draw  the  vertical  line  D  £  upon  which 


k. 


^2  '^^'^kmiiK^ 


Fig.  1S2. 

place  the  stretchout  of  the  cross  bar  C,  sliown  by  similar  figures, 
through  which  draw  horizontal  lines,  intersecting  them  with  lines 
drawn  parallel  to  D  E  from  similar  numbered  intersections  against  the 
main  bar  A,  thus  obtaining  the  points  of  intersections  1'  to  8'  in  the 
pattern.  Trace  a  line  tlirough  points  of  intersections  thu3  obt^ned 
whidi  will  be  the  pattern  for  the  end  cut  of  the  cross  bar. 

In  Fig.  183  b  shown  a  carefully  drawn  working  section  of  the 
turret  sash  shown  in  Fig.  168  at  A     These  sashes  are  operated  by 
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means  of  cords,  chains  or  gearings  from  the  inside,  the  pivot  on  which 
they  turn  bang  shown  by  R  S  in  Fig.  183.  The  method  of  obtaining 
the  patterns  tor  these  sashes  will  be  omitted,  as  th^  are  only  square  and 
butt  miters  which  the  student  will  have  no  trouble  in  developing,  pro- 
viding he  understands  the  construc- 
tion. This  will  be  made  clear  by 
the  following  explanation : 

A  B  represents  the  upper  part  of 
the  turret  proper  with  a  drip  b«it  on 
same,  as  shown  at  B,  agunst  which 
the  sashes  close,  and  a  double  seam, 
as  shown  at  A,  which  makes  a  tight 
joint,  takes  out  the  twist  in  bending, 
and  avoids  any  soldering.  This  up- 
per part  A  B  is  indicated  by  C  in 
Fig.  168,  over  which  the  gutter  B  is 
placed  as  shown  by  X  U  Y  in  Fig. 
1S3.  C  D  represents  the  lower  part 
of  the  turret  proper  or  base,  which 
fits  over  the  wooden  curb  W,  and  is 
indicated  by  D  in  Fig.  168.  E  in 
Rg.  183  represents  the  mullion 
made  from  one  piece  of  metal  and 
double  seamed  at  a.  This  mullion 
is  joined  to  the  top  and  bottom. 
He  pattern  for  the  top  end  of  the 
mullion  would  simply  show  a  square 
cut,  while  the  pattern  for  the  bot- 
tom would  represent  a  butt  miter 
against  the  slant  line  i  j.  Before  forming  up  this  mullion  the  holes 
should  be  punched  in  the  sides  to  admit  the  pivot  R  S.  These  mulUona 
are  shown  in  position  in  Fig.  168  by  E  E,  etc. 

F  G  in  Fig.  183  represents  the  section  of  the  side  of  the  sash  below 
the  pivot  T.  Notice  that  this  lower  half  of  the  side  of  the  sash  has  a 
lock  attachment  which  hooks  into  the  flange  of  the  mullion  E  at  F. 
While  the  dde  of  the  sash  is  bent  in  one  piece,  the  upper  half,  above  the 
pivot  T,  has  the  lock  omitted  as  showii  by  J  K.  Thus  when  the  sash 
opois,  the  upper  half  of  the  sides  turn  toward  the  inside  as  shown  by 


Fig.  183. 
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the  arrow  at  the  top,  while  the  lower  half  swings  outward  as  shown  1^ 
the  arrow  at  the  hottom.  When  the  lower  half  closes,  it  locks  as  shown 
at  F,  which  makes  a  water-tight  joint;  but  to  obtain  a  watei'tight  joint 
for  the  upper  half,  a  cap  is  used,  partly  shown  by  L  M,  into  which  the 
upper  half  of  the  side  of  the  sash  closes  as  shown  at  M.  This  cap  is 
fastened  to  the  upper  part  of  the  mulUon  E  with  a  projecting  hood  / 
which  is  placed  at  the  same  angle  as  the  sash  will  have  when  it  is 
opened  as  shown  by  e  e'  and  d  d'  or  by  the  dotted  lines. 

The  side  of  the  sash  just  explained  is  shown  in  Yig.  168  at  H. 
The  pattern  for  the  side  of  the  sash  has  a  square  cut  at  the  top,  mitering 
with  H  I  at  the  bottom,  in  Fig.  183,  the  same  as  a  square  miter.  H  I 
represents  the  section  of  the  bottom  of  the  sash.  Note  where  the  metal 
is  doubled  as  at  h,  against  which  the  glass  rests  in  line  with  the  rabbet 
on  the  ade  of  the  sash,  A  beaded  edge  is  shown  at  H  which  stiffens  it. 
TTib  lower  section  is  shown  in  Fig.  168  by  G  and  has  square  cuts  en 
both  ends.  N  O  in  Fig.  1S3  shows  the  section  of  the  top  of  the  sash 
shown  in  Fig.  168  by  F.  Fhe  fiange  N  in  Fig.  183  is  flush  with  the  out- 
side of  the  glass,  thereby  allowing 
the  glass  to  slide  into  the  grooves 
in  the  sides  of  the  sash.  After  the 
glass  is  in  position  the  angle  P  is 
tacked  at  n.  A  leader  is  attached 
to  the  gutter  Y  as  shown  by  B°  in 
Fig.  168.  While  the  method  of 
construction  shown  in  Fig.  183  is 
ttuioae  7  65^3210  generally  employed,  each  shop 
'^'  has  different  methods;  what  we 

have  aimed  to  give  is  the  general  construction  in  use,  after  knowing 
which,  the  student  can  plan  his  own  construction  to  suit  the  conditions 
which  are  apt  to  arise. 

In  the  following  illustrations,  Figs.  184  to  187,  it  will  be  expluned 
how  to  obtain  the  true  lengths  of  the  ventilator,  ridge,  liip,  jack,  and 
common  bars  in  a  hipped  skylight,  no  matter  wliat  si/*  the  skylight 
may  be.  Using  this  rule  only  one  set  of  patterns  are  required,  as  for 
example,  those  developed  in  connection  with  Figs.  17S,  179, 180,  and 
181,  which  in  this  case  has  one-third  pitch.  If,  however,  a  skylight 
was  required  whose  pitch  was  different  than  one-tliird,  a  new  set  of 
patterns  would  have  to  be  developed,  to  which  the  rule  above  mention- 
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ed  would  also  be  applicable  for  skylights  of  that  particular  pitdi. 
Using  this  rule  it  should  be  understood  that  the  size  of  the  curb,  or 
frame,  forms  the  basis  for  all  measurements,  and  that  one  of  the  lines 
or  bendsofthe  bar  should  meet  the  line  of  the  curb  as  shown  inFig.  178, 
where  the  bottom  of  the  bar  E  in  the  half  section  meets  the  line  of  the 
curb  c  4'  at  4',  and  the  ridge  at  the  top  at  4'.     Therefore  when  laying 


Fig.  186. 
out  the  lengths  of  the  bars,  they  would  have  to  be  measured  on  the  line 
4  of  the  bar  E  from  4'  to  4"  on  the  patterns,  as  will  be  explained  as  we 
proceed. 

The  first  step  is  to  prepare  the  triangles  from  which  the  lengths 
of  the  common  and  jack  bars  are  obtained,  also  the  lengths  of  the  hip 
bars.  After  the  drawings  and  patterns  have  been  \ald  out  full  size 
according  to  the  principles  explained  in  Fig.  178,  take  a  tracing  of  the 
triangle  in  the  half  section  D  C  4'  and  place  it  as  shown  by  A  12  O,  in 
Fig.  184.  Divide  O  12,  which 
will  be  12  inches  in  full  size,  into 
quarter,  half-inches,  and  inches, 
the  same  as  on  a  2-foot  rule,  as 
shown  by  the  figures  O  to  12. 
From  these  divisions  erect  lines 
until  they  intersect  the  pitch  A  O 
which  completes  the  triangle  for 
obtaining  the  true  lengths  of  jack 
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Fig.  185. 


luid  common  bars  for  any  size  skylight.  In  similar  manner  take 
tracing  of  N  R  4'"  in  the  diagonal  elevation  in  Fig.  178  and 
place  it  as  shown  by  B  12  O  in  Fig.  185.  The  length  12  O  then 
becomes  the  base  of  the  triangle  for  the  hip  bar  in  a  skylight  whose 
base  of  the  triangle  for  the  common  and  jack  bars  measures  12  inches 
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a3  shown  in  Fig.  184,  the  heights  A  1 2  in  Fig.  184  and  B  12  in  Pig.  185 
being  equal.  Now  divide  12  O  in  12  equal  spaces  which  will  represent 
inches  wlien  obtaining  the  measurements  for  the  hip  bar.  Divide 
each  of  the  parts  into  quarter-Inches  as  shown.  From  these  devisions 
erect  lines  intersecting  the  hypothenuse  or  pitch  line  B  O  as  shown. 
To  explain  how  these  triangles  are  used  In  practice.  Figs.  186  and 
187  have  been  prepared,  showing  respectively  a  skylight  without  and 
with  a  ventilator  whose  curb 
measures  4  ft,  x  8  ft.  Three 
rules  are  used  in  connection 
with  the  triangles  in  Figs.  184 
and  185,  the  comprehension  of 
which  will  make  clear  all  that 
follows. 

Rule  I.     To   obtain   the 

length  of  the  ridge  bar  in  a 

in  Fig.  186,  deduct  the  short  side 


gH    ie"  I  le'  I   IB*  I  le*  I  tcN, 

d'                        i 
a'-o'       • 


Fig.  187. 


skylight  without  a  ventilator, 

of  tlie  frame  or  curb  from  the  long  side. 

Example:  In  Fig,  ISO,  take  8  feet  (long  side  of  frame)—  4  feet 
(short  side  of  frame)  =  4  feet  (lengthof  ridgebar  afc). 

Rule  2.  To  find  the  length  of  the  ventilator  in  a  skylight  deduct 
the  short  side  of  the  frame  from  the  long  side  and  add  the  width  of  the 
desired  ventilator  (in  thi.'s  case  4  inches,  as  shown  in  Fig.  187). 

Example:  In  Figure  187  take  8  feet  (long  side  of  frame)  —  4  feet 
(short  side  of  frame)  =  4  feet.  4  feet  +  4  inches  (width  of  inside 
ventilator)  =  4  feet  4  inches,  (lengtli  of  inside  ventilator  a'  b').  To 
find  the  size  of  the  outside  ventilator  h  I  and  hood  m  p  in  Fig,  178 
simply  add  twice  the  distance  a  b  and  a  c  respectively  to  the  above  size, 
4  inches,  and  4  feet  4  inches,  which  will  give  the  widths  and  lengths  of 
the  outside  vent  and  hood. 

Rule  3.  To  find  the  lengtlis  of  either  common  or  hip  bar  (in  any 
sixe  skylight)  deduct  the  width  of  the  ventilator,  if  any,  from  the  length 
of  the  shortest  side  of  frame  and  divide  the  remainder  by  two.  Apply 
the  length  thus  obtained  on  the  base  line  of  its  respective  triangle  for 
common  or  hip  bars  and  determine  tlie  true  lengths  of  the  de.'^ired  bars, 
from  the  hypothenuse. 

Example:  As  no  ventilator  is  shown  in  Fig.  180,  there  will  be 
notliing  to  deduct  for  it,  and  the  operation  is  as  follows :     4  feet  (sliort- 
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est  side  of  frame)  -;■  2  -  2  feet.  We  have  now  the  length  with  which 
to  proceed  to  the  triangle  for  common  and  hip  bars.  Thus  the  length 
of  the  common  bar  c  d  will  be  equal  to  twice  the  amount  of  A  O  in  Fig. 
184,  while  the  length  of  the  hip  bar  be\n  Fig.  18G,  will  be  equal  to  twice 
the  amount  of  B  O  in  Fig.  185.  Referring  to  Figs.  186  and  187  the 
jack  bars  i  j  are  spaced  IG  inches,  therefore,  tlie  length  of  the  jack  bar 
for  12  inches  will  equal  A  O  in  Fig.  184,  and  4  inches  equal  to  4°  O; 
both  of  which  are  added  together  for  tlie  full  length. 

The  lengths  of  the  common  and  hip  bars  will  be  shorter  in  Fig. 
187  because  a  ventilator  has  been  used,  while  in  ¥\g.  186  a  ridge  bar 
was  employed.  To  obtain  the  lengths  of  the  common  and  hip  bars  in 
Fig.  lS7useRule3:  48  inches  (length  of  short  side)— 4  inches  (width 
of  inside  ventilator)  =  44  inches ;  and  44  inches  -r-  2  =  22  indies  or 
1  foot  10  inches.  Then  the  length  of  the  common  bar  </  d'  measured 
witli  a  rule  will  be  equal  to  A  O  in  Fig.  184  and  \(f  O  added  together, 
and  the  length  of  the  hip  bar  e'  fin  Fig.  187  will  be  equal  to  B  O  in  Fig. 
185  and  ICP  O  added  together.  Use  the  same  method  where  fraction- 
al parts  of  an  inch  occur.  In  laying  out  the  patterns 
according  to  these  measurements  use  the  cuts  shown 
in  Figs.  178,  179,  180,  and  181,  being  careful  to 
measure  from  the  arrowpoints  shown  on  each  pattern. 

It  will  be  noticed  in  Fig.  178  we  always  meas- 
ure on  line  4  in  the  patterns  for  the  hip,  common, 
and  jack  bars.  This  is  done  because  the  line  4  in 
the  profiles  E  and  E'  come  directly  on  the  slant  line 
of  the  triangles  which  were  traced  to  Figs.  184  and 
185  and  from  which  the  true  lengths  were  obtained. 
Where  a  curb  might  be  used,  as  shown  in  Fig.  188, 
which  would  bring  the  bottom  line  of  the  bar  IJ 
inches  toward  the  inside  of  the  frame  b,  all  around,  then  instead  of 
using  the  size  of  4  x  8  feet  as  the  basis  of  measurements  deduct  3 
inches  on  each  side,  making  the  basis  of  nieasufemerts  3  ft.  9  inches 
X  7  ft.  9  inches,  and  proceed  as  explained  above. 
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ROOFING 

A  good  metal  covering  on  a  roof  is  as  important  as  a  good  foun- 
dation. There  are  various  materials  used  for  this  purpose  such  as  teme 
plate  or  what  is  commonly  called  roofing  tin.  The  rigid  body,  or  the 
base  of  roofing  tin,  consists  of  thin  sheets  of  steel  (black  plates)  that 
are  coated  with  an  alloy  of  tin  and  lead.  \Vhere  a  first-class  job  is 
de^ed  soft  and  cold  rolled  copper  should  be  used.  The  soft  copper 
13  generally  used  for  cap  flashing  and  allows  itself  to  be  dressed  down 
well  after  the  base  flashing  is  in  position.  The  cold-rolled  or  hard  cop- 
per is  used  for  the  roof  coverings.  In  some  cases  galvanized  sheet  iron 
or  steel  is  employed.  No  matter  whether  tin,  galvanized  iron,  or 
copper  b  employed  the  method  of  construction  is  the  same,  and  will 
be  expltuned  as  we  proceed. 

Another  form  of  roofing  is  known  as  corrugated  iron  roofing, 
which  consists  of  black  or  galvanized  sheets,  corrugated  so  as  to  secure 
strength  and  stiffness.  Roofs  having  less  than  one-third  pitch  should 
be  covered  by  what  is  known  as  flat-seam  roofing,  and  should  be  cover- 
ed (when  tin  or  copper  is  used)  with  sheets  10  x  14  inches  in  size  rather 
than  with  sheets  14  x  20  inches,  because  the  larger  number  of  seams 
stiffens  the  surface  and  prevents  the  rattling  of  the  tin  in  stormy 
weather.  Steep  roofs  should  be  covered  by  what  is  known  as  standing- 
seam  roofing  made  from  14"  x  20"  tin  or  from  20"  x  28".  Before  any 
metal  is  placed  on  a  roof  the  roofer  should  see  that  the  sheathing  boards 
are  well  seasoned,  dry  and  free  from  knots  and  nailed  close  together. 
Before  laying  the  tin  plate  a  good  building  paper,  free  from  acid,  should 
be  laid  on  the  sheathing,or  the  tin  plate  should  be  piunted  on  the  under- 
side before  laying.  Corrugated  iron  is  used  for  roofs  and  sides  of 
buildings.  It  is  usually  laid  directly  upon  the  purlins  in  roofs,  and 
held  in  place  by  means  of  clips  of  hoop  iron,  which  encircle  the  purlins 
and  are  riveted  to  the  corrugated  iron  about  12  inches  apart.  The 
method  of  constructing  flat  and  double-seam  roofing,  also  corrugated 
iron  coverings,  will  be  explained  as  we  proceed. 
TABLES 

The  following  tables  will  prove  useful  in  figuring  the  quantity  of 
material  required  to  cover  a  given  number  of  square  feet. 
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FLAT-SEAM  ROOFING 
Table  showing  quantity  of  14  x  20-inch  tin  required  to  cover  a  given 
number  ot  square  feet  with  Batseam  tin  roofing.  A  sheet  of  14  x  20  inchps  with 
with  }-iach  edges  measures,  when  edged  or  folded,  13  x  19  inclies  or  247 
square  inches.  In  the  following  all  fractional  parts  of  a  sheet  are  counted  a 
full  sheet. 
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1000  square  feet,  583  sheets. 
A  box  ot  112  sheets  14  x  20  inches  will  cover  approximately  192   square   feet. 

Example.  How  much  14  x  20  inch  tin  with  J-inch  edges  is  re- 
quired to  cover  a  roof  20  feet  x  84  feet?  Take  20  X  84  =  1,680 
square  feet. 

Referring  to  the  table  for  Flat  Seam  Roofing,  1000  square  feet  require 
583  sheets  and  680  square  feet  require  397  sheets,  making  a  total  of. 
980  sheets. 

It  should  be  understood  that  this  amount  is  figured  on  the  baas 
of  247  square  inches  in  an  edged  sheet,  which  will  be  a  trifle  less  when 
the  sheets  are  laid  on  the  roof. 

Example.  What  quantity  of  20  x  28-inch  tin  will  be  required  to 
lay  a  standing  seam  roof,  measuring  37  feet  long  x  45  feet  in  width? 
Take  37  X  45  =  1,665  square  feet,  or  16  squares  and  65  feet.  Refer- 
ring to  tlie  table  for  Standing  Seam  Roofing,  16  squares  require  4 
boxes  and  48  sheets,  and  65  feet  require  20  sheets,  making  a  total  of  4 
boxeit  and  68  sheets. 
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STANDING-SEAM   ROOFING 

Table  showing  the  quantity  of  20  X  28-Inch  tin  in  boxes,  and  sheets 

required  to  lay  any  given  standing-^am  root. 
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NET  WEIGHT  PER 

BOX  TIN 

PLATES 
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STANDARD  WEIGHTS  AND  GAUGES  OF  TIN  PLATES 
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OTHER  FORMS  OF  METAL  ROGFINQ 

There  is  another  form  of  roofing  known  as  metal  slates  and  shin- 
gles, pressed  in  various  geometrical  designs  with  water-tight  lock  attadi- 
ments  so  that  no  solder  is  required  in 
laying  the  roof.  Fig,  189  shows  the 
general  shape  of  these  metal  shingles 
which  are  made  from  tin,  galvanized 
iron,  and  copper,  the  dots  a  a  a  a 
representing  the  holes  for  nuling  to 
the  wood  sheathing.  In  Pig,  190,  A 
represents  the  side  lock,  showing  the 
first  operation  in  laying  the  metal  slate 
or  shingle  on  a  roof,  a  representing  the 
.  n^l.     B,  in  the  same  figure,  shows  the 

i\  yV  °    metal  slate  or  shingle  in  position  cover- 

ji^    ^^  |L-*^     ^^  V       ing  the  nail  b,  the  valley  c  of  the  bottom 
P^K-  189.  giate  allowing  the  water,   if   any,  to 

flow  over  the  next  lower  slate  as  in  A  in  Fig.  189. 

In  Fig.  191  is  shown  the  bottom  slate  A  covered  by  the  fop  slate  B, 
the  ridges  a  a  a  keeping  the  water  from 
backing  up.  Fig.  192  shows  the  style  of 
roof  on  which  these  shingles  are  employed, 
that  is,  on  steep  roofs.  Note  the  con- 
struction of  the  ridge  roll,  A  and  B  in 
Fig.  192,  which  is  first  nailed  in  position 
at  a  a  etc.,  after  which  the  shingles  B  are 
slipped  under  the  lock  c.  Fig.  193  shows 
a  roll  hip  covering  which  is  l^d  from  the 
top  downward,  the  lower  end  of  the  hip  having  a  projection  piece  for 
nfuling  at  a,  over  which  tlie  top  end  of  the  next  piece  is  inserted,  thus 


Fig.  191. 
covering  and  concealing  the  naib.    Fig.  194  represents  a  perspective 
view  of  a  valley  with  metal  slates,  showing  how  the  slates  A  are 
locked  to  the  fold  in  tJie  valley  B.    There  are  many  other  forms  of 
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metal  sUngles,  but  the  shapes  shown  herewith  are  known  as  the 
Cortright  patents. 

TOOLS  REQUIRED 
Fig.  195  shows  the  various  hand  tools  required  by  the  metal  roof- 
er; starting  at  the  left  we  have  the  soldering  copper,  mallet,  scraper, 


stretch-awl,  shears,  hammer,  and  dividers.     In  addition  to  these  hand 
tools  a  notching  machine  is  required  for  cutting  off  the  comers  of  the 


Fig.   193. 
sheets,   and  roofing  folders  are  re- 
quired for  edging    the  sheets  in  flat- 
seam  roofing,  and  hand  double  seamer 
and   roofing  tongs  for  standing-seam 
roofing.    The   roofing  double  seamer 
and  squeezing  tongs  can  be  used  for 
standing-seam  roofing  (in  place  of  the 
hand  double  seamer),  which  allow  the 
operator  to  stand  in  an  upright  position  if  the  roof  is  not  too  steep. 
ROOF  MENSURATION 
While  aome  mechanics  understand  thoroughly  the  methods  of 


Fig.  194. 
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laying  the  various  kinds  of  roofing,  there  are  some,  however,  ^o  do 
not  understand  how  to  figure  from  ardiitects'  or  scale  drawings  the 
amount  of  material  required  to  cover  a  given  surface  in  a  fiat,  irr^^ular 
shaped,  or  hipped  roof.    The  modem  house  with  its  gables  and  va- 


Fig.  195. 
nous  intersecting  roofs,  forming  hips  and  valleys,  render  it  necessary  to 
give  a  short  cliapter  on  roof  measurement  In  Jigs.  196  to  198  in- 
clusive are  shown  respectively  the  plans  with  full  size  measurements 
for  a  flat,  irrt^lariand  intersected  hipped  roof,  showing  how  the  length 
of  the  hips  and  valleys  are  obtfuned  direct  from 
the  architects'  scale  drawings. 

The  illustrations  shown  herewith  are  not 
drawn  to  a  scale  as  architects'  drawings  will  be, 
but  the  measurements  on  the  diagrams  are  as- 
sumed, which  will  clearly  show  the  principles 
which  must  be  applied  when  figuring  from  scale 
drawings.  Assuming  that  the  plans  from  which 
we  are  figuring  are  drawn  to  a  quarter-inch  scale, 
then  when  measurements  are  taken,  every  quarter 
inch  represents  one  foot.  J  inch  -  6  inches,  fV 
inch  =  3  inches,  etc.  If  the  drawings  were  drawn  to  a  half-inch 
scale,  then  J  inch  --  1 2  inches,  J  inch  =  6  inches,  J  inch  =  3  inches, 
yg  inch  =  IJ  inches,  etc, 

A  B  C  D  in  Fig.  106  represents  a  flat  roof  with  a  shaft  at  one  side 
as  diown  by  abed.  In  a  roof  of  this  kind  we  will  figure  it  as  if  there 
was  no  MT  shaft  at  all.  Thus  64  feet  X  42  feet  =  2,688  square  feet 
The  shaft  is  12.5  X  G  feet-  75  square  feet;  dien  2,688  feet  -  75  feet - 


Fig.  196. 
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2,613  square  feet  of  roofing,  to  whidi  must  be  added  an  allowance  for 
the  fl«.^ing  tuming  up  against  and  into  the  walb  at  the  sides. 

In  fig.  197  is  shown  a  flat  roof  with  a  shaft  at  each  side,  one  shaft 
being  insular,  forming  an  irr^ular  shaped 
roof.  The  rule  for  obtaining  the  area  is  sim- 
ilar to  that  used  for  Fig.  196  with  the  exception 
^t  the  area  of  the  irregular  shaft  a; :];  :i:  :c  in 
Fig.  197  is  determined  differently  to  that  of  the 
^ahbcde.  Thus  A  B  C  D  -  108  feet  X  45 
feet  -  4,860  square  feet.  Find  the  area  of  6  c 
d  e  which  is  9.25  X  39.5  -  365.375  or  365| 
square  feet.  To  find  the  area  of  the  irregular 
shaft,  bisect  xx  and  xx  and  obtain  a  a, 
measure  the  length  of  a  a  which  b  48  feet,  and 
multiply  by  9.  Thus  48  X  9  -  412,  and  412 
+  365.375  -  777.375.  The  entire  roof  minus 
Ihe  shafts  -  4,860  square  feet  -  777.375  - 
4,082.625  square  feet  of  surface  in  Fig.  197.  F^K-  197- 

In  Fig.  198  is  shown  the  plan,  front,  and  side  elevations  of  an  in- 
twsected  hipped  roof.    A  B  C  D  represents  the  plan  of  the  main  build- 


TI 


/^ 


1 


> 


ing  intersectal  by  the  wing  E  F  G  H.    We  will  first  figure  the  main 
roof  83  if  there  were  no  wing  attached  and  then  deduct  the  space  taken 
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up  by  the  intersection  of  the  wing.  While  it  may  appear  difficult  to 
some  to  figure  the  quantities  in  a  hipped  roof,  it  is  very  simple,  if  the 
rule  is  understood.  Aa  the  pitch  of  the  roof  is  equal  on  tour  iddes  the 
length  of  the  raftCT  shown  from  O  to  N  in  front  elevation  represents 
the  true  length  of  the  pitch  on  each  ade.  The  length  of  the  building 
at  the  eave  is  90  feet  and  the  length  of  the  ridge  4S  feet  Take 
90-48=  42,  and  42 -^2  =21.  Now  dther  add  21  to  the  length  of  the 
edge  or  deduct  21  from  the  length  of  the  eave,  which  gives  69  feet  as 
shown  from  S  to  T,  The  length  of  the  eave  at  the  end  is  42  feet  and 
it  runs  to  an  apex  at  J.  Then  take  42  feet  h-  2  =  21,  as  shown  from  T 
to  U.  If  desired  the  hip  lines  A  I,  J  B  and  J  C  can  be  bisected,  obttun- 
ing  respectively  the  points  S,  T,  and  U,  which  when  measured  mil  be 
of  similar  sizes;  69  feet  and  21  feet.  As  the  length  of  the  rafter  O  N 
is  30  feet,  then  multiply  as  follows:  69  X  30  =  2070.  21  X  30  -  630. 
Then  630  +  2,070  =  2,700,  and  multiplying  by  2  (for  oppoate  sides) 
gives  5,400  square  feet  or  54  squares  of  roofing  for  the  main  building. 
From  this  amount  deduct  the  intersection  E  L  F  in  the  plan  as  follows: 

The  width  of  the  wing  is  24  feet  6  inches  and  it  intersects  the  main 
roof  as  shown  at  E  L  F.  Bisect  E  L  and  L  F  and  obtain  points  W  and 
V,  which  when  measm^  will  be  12  feet  3  inches  or  one  half  of  HG, 
24  feet  6  inches.  The  wing  intersects  the  mmn  roof  from  Y  to  F*  in  the 
£dde  elevation,  a  distance  of  18  feet.  Then  take  18  X  12.25  =  2M.5. 
Deduct  220.5  from  5400  -  5,179.5.  The  wing  measures  33  feet  6 
inches  at  the  ridge  L  M,  and  21  feet  6  inches  at  the  eave  F  G,  thus 
making  the  distance  from  V  to  X  -  27  feet  6  inches.  The  length  of 
the  rafter  of  the  wing  is  shown  in  front  elevation  by  P  R,  and  is  18  feet. 
Then  18  X  27.5  =  495,  and  multiplying  by  2  (for  opposite  side),  gives 
995  sq.  ft  in  the  wing.  We  then  have  a  roofing  area  of  5,179.5  square 
feet  in  the  m^n  roof  and  995  square  feet  in  the  wing,  maldng  a  total  of 
6,174.5  square  feet  in  the  plan  shown  in  Fig.  198. 

If  it  b  desired  to  know  the  quantity  of  ridge,  hips,  and  valleys  in 
the  roof,  the  following  method  is  used.  The  ridge  can  be  taken  from 
the  plans  by  adding  48'  +  33'6"  =  81'  -  6".  For  the  true  length  of 
the  hip  I D  in  the  plan,  drop  a  vertical  line  from  I'  in  the  front  elevation 
until  it  intersects  the  eave  line  1*.  On  the  eave  line  extended,  place  the 
distance  I  D  in  the  plan  as  shown  from  1°  to  D°  and  draw  a  line  from 
D°  to  I'  whidi  will  be  the  true  length  of  the  hip  I D  in  the  plan.  Multi- 
ply this  length  by  4,  which  will  give  the  amount  of  ridge  capping  re- 
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quired.  Tbm  length  of  hip  can  also  be  obtained  from  the  plan  by  tak- 
ing the  vertical  heaght  of  the  roof  I"  I'  in  the  elevadon  and  pladng  it  at 
right  angles  to  I  D  in  the  plan,  as  shown,  from  I  to  P,  and  draw  a  line 
from  P  to  D  which  is  the  desired  length. 

For  the  length  of  the  valley  L  F  in  the  plan,  drop  a  vertical  line 
from  F*  in  the  ade  elevation  until  it  intersects  the  cave  line  at  F*. 
Take  the  distance  F  L  in  the  plan  and  place  it  as  shown  from  F*  to  L*, 
and  draw  a  line  from  L°  to  F",  which  is  the  true  length  of  the  valley 
shown  by  L  F  in  the  plan.  Multiply  this  length  by  2,  which  will  give 
the  required  number  of  feet  of  valley  required.  This  length  of  valley 
can  also  be  obtained  from  the  plan  by  taking  the  vertical  height  of  the 
roof  of  the  wing,  shown  by  F°  F'  in  the  side  elevation,  and  placing  it  at 
right  angles  to  F  L  in  the  plan,  from  L  to  P,  and  draw  a  line  from  P 
to  F  which  is  the  desired  length  similar  to  P  L°  in  the  side  elevation. 
FLAT-SEAM  ROOFING 
The  first  step  necessary  in  preparing  the  plates  for  flat  seam 
roofing  is  to  notch  or  cut  off  the  four  corners  of  the  plate  aa  shown  in 
Fig.  199  which  shows  the  plate  as  it  is  taken  &om  the  box,  the  shaded 
corners  a  a  a  a  representing  the  corners  whidi  are 
notched  on  the  notching  machine  or  with  the  shears. 
Care  must  be  taken  when  cutting  off  these  corners  not 
to  cut  off  too  Uttle  otherwise  the  sheets  will  not  edge 
well,  and  not  to  cut  off  too  much,  otherwise  a  hole  will 
show  at  the  comers  when  the  sheets  i^e  laid.  To  find 
the  correct  amount  to  be  cut  off  proceed  as  follows:        *' 

Assuming  that  a  ^inch  edge  is  desired,  set  the  dividers  at )  inch 
and  scribe  the  lines  b  a  and  a  c  on  the  sheet  shown  in  Fig.  199,  and, 
where  the  lines  intersect  at  a,  draw  the  line  deal  an  angle  of  45  d^eea, 
whidi  represents  the  true  amount  and  true  angle  to  be 
cut  off  on  each  comer.  After  all  the  sheets  have  been 
notched,  they  are  edged  as  shown  in  Rg,  200,  the  long 
sides  of  the  sheet  being  bent  ri^t  and  left,  aa  shown  at 
a,  while  the  short  side  b  bent  as  shown  at  b,  making 
the  notched  comer  appear  as  at  e.  Id  some  casen 
after  the  sheets  are  edged  the  contract  requires  that  the 
sheets  be  painted  on  the  underside  before  laying.  This  is  usually 
done  with  a  small  Imish,  being  careful  that  the  edges  of  the  sheets 


Fig.  200. 
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are  not  soiled  with  ptaat,  whidi  would  interfere  with  soldering.  Be- 
fore laying  the  sheets  the  roof  boards  are  sometimes  covered  with  an 
oil  or  rosin-sized  paoer  to  prevent  the  moisture  or  fumes  from  below 
from  rusting  the  tin  on  the  underside.  As  before  mentioned,  the  same 
method  used  for  laying  tin  roofing  would  be  applicable  for  laying 
copper  roofing,  with  the  exception  that  the  copper  sheets  would 
have  to  be  tinned  about  Ij  inches  around  the  edges  of  tiie  sheets 
after  they  are  notched,  and  before  they  are  edged. 

In  Fig.  201  is  shown  how  a  tin  roof  is  started  and  the  sheets  laid 
when  a  gutter  is  used  at  the  eaves  with  a  fire  wall  at  the  side.    A  rq>re- 


Fig.  201. 

sents  a  galvanized  iron  gutter  with  a  portion  of  it  lapping  on  the  roof, 
with  a  lock  at  C.  In  hanging  the  gutter  it  is  Sashed  against  the  fire 
wall  at  J;  after  which  the  base  flashing  D  D  is  put  in  position,  flashing 
out  on  the  roof  at  E,  with  a  lock  at  F.  Where  the  base  flashing  E 
miters  with  the  flange  of  the  gutter  B  it  is  joined  as  shown  at  6,  allowing 
the  flange  E  of  the  base  flashing  as  shown  by  the  dotted  Une  a.  As  the 
water  discharges  at  G,  the  sheets  are  laid  in  the  direction  of  the  arrow 
H,  placing  the  nails  at  least  G  inches  apart,  always  starting  to  niul  at 
the  butt  e  e,  etc.  Care  should  be  taken  when  nailing  that  the  nml  heads 
are  well  covered  by  the  edges,  as  shown  m  W,  by  a.  Over  the  base 
flashing  D  D  J  the  cap  flashing  L  is  placed,  allowing  it  to  go  into  the 
wall  as  at  O. 
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When  putting  in  base  flashings  there  are  two  methods  employed. 
In  fig.  202  is  shown  a  side  Sashing  between  the  roof  and  parapet  wall. 
A  shows  the  flashing  turning  out  on  the  roof  at  B,  with  a  lock  C,  attach- 
ed and  flashed  into  the  wall  four  courses  o£  brick  above  the  roof  line, 
as  shown  at  D,  whae  wall  hooks  and 
paintskins  or  roofer's  cement  are  used  to 
make  a  tight  joint.  Flashings  of  this 
kind  should  always  be  painted  on  the 
underside,  and  paper  should  be  placed 
between  the  brick  work  and  metal,  be- 
cause the  moisture  in  the  wall  is  apt  to 
rust  the  tin.  'Hiis  method  of  putting  in 
flashing  is  not  advisable  in  new  work, 
because  when  the  building  is  new,  the  walb  and  beams  are  liable 
to  settle  and  when  this  occurs  the  flange  D  tears  out  of  the  wall,  and  the 
result  is  disagreeable  leaks  that  stain  the  walb.  When  a  new  roof  is 
to  be  placed  on  an  old  building  where  the  walls  and  copings  are  in 
place  and  the  brick  work  and  beams  have  settled,  there  is  not  so  much 
danger  of  leakage. 

The  proper  method  of  putting  in  flashings  and  one  which  allows 
for  the  expansion  and  contraction  of  the  metal  an^  the  settlement  of  the 
building  is  shown  in  Fig.  203,  in  which  A  shows  the  cap  flashings. 


Fig.  202. 


Fig.  203.  Fig.  204. 

painted  with  two  coats  of  paint  before  using.  When  the  mason  has 
built  his  wall  up  to  four  courses  of  brick  above  the  roof  line  the  cap 
flashing  A  is  placed  in  portion  and  the  wall  and  coping  finished;  the 
base  flashing  B  is  then  slipped  under  the  cap  A.  In  practice  the  cap 
flashing  is  cut  7  indies,  then  bent  at  right  angles  through  the  center, 
making  each  side  a  and  b  3^  inches.  The  base  flashing  B  is  then 
slipped  uoder  the  cap  flashing  A  as  shown  at  C. 
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Where  the  cost  is  not  oonsidered  and  a  good  job  is  deared,  it  is 
better  to  use  sheet  lead  cap  flasliings  in  place  of  tin.  They  last  looger, 
do  not  rust,  and  can  be  dressed  down  well  to  lay  tight  onto  the  base 
flashings.  Into  the  lock  C  the  sheets  are  attached.  After  the  sheets 
are  laid  the  seams  are  flattened  down  well  by  means  of  a  heavy  mallet, 
with  slighfly  convex  faces,  after  which  the  roof 
is  ready  for  soldering.  When  a  base  flashing 
is  required  on  a  roof  which  abuts  ag^nst  a  wall 
composed  of  clap  boards  or  shingles  as  shown 
in  Fig,  204,  then,  after  the  last  course  of  tin  A 
Pig.  205.  ],j^  bggd  l^^iJ^  thg  flashing  B  with  the  lock  a  is 

locked  into  the  course  A  and  extends  the  required  distance  under  the 
boards  D.  The  flashing  should  always  be  painted  and  allowed  to  dry 
before  it  is  placed  in  position.  In  the  previous  figures  it  was  shown 
how  the  sheets  are  edged,  both  sides  being  edged  right  and  left.  In 
Kg,  205  is  shown  what  is  known 
as  a  valley  sheet,  where  the  short 
sides  are  edged  both  one  way,  as 
shown  at  a  a,  and  the  long  sides 
right  and  left  as  shown  at  bb. 
Sheets  of  this  kind  are  used  when 
the  water  runs  together  from  two 
directions  as  shown  by  A  in  Fig. 
206.  By  having  the  locks  a  and  a  turned  one  way  the  roof  is  Iwd  in 
both  directions. 

Fig.  207  shows  a  part  plan  of  a  roof  and  chimney  A,  around  which 
the  flashing  B  C  D  E  b  to  be  placed,  and  explains  how  the  corners  C 
and  D  are  double  seamed, 
whether  on  a  chimn^, 
bulkhead,  or  any  otfa^  ob- 
ject on  a  roof  when  the 
water  flows  in  the  direction 
of  the  arrow  F.  The  first 
operation  is  shown  at  a  and 
the    final   operation    at    b. 


Fig.  206. 


Fig.  207. 


Thus  it  will  be  seen  that  the  water  flows  past  the  seam  and  not  against 
it.  In  laying  flat  seam  roofing  especially  when  copper  is  used,  allow- 
ance must  be  made  for  the  expansion  and  contraction  of  the  sheets. 
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Care  should  be  taken  not  to  nail  directly  through  the  sheet  as  is  shown 
in  W,  Fig.  201.  While  this  method  is  generally  employed  in  tin 
rooSng,  on  a  good  job,  as  well  as  on  copper  roofing,  cleats  as  shown  at 
D  in  Fig.  208  should  be  used. 

To  show  how  they  are  used,  A  and  B  represent  two  locked-edged 
^eets.  The  lock  on  the  cleat  D  is  locked  into  the  edge  of  the  sheets 
and  nailed  into  the  roof  boards  at  a  6  c  and  d.araa  often  as  required. 


'    «S^| 


Fig.  208. 
In  this  manner  the  entire  roof  can  be  fastened  with  cleats  without 
having  a  nail  driven  into  the  sheets,  thereby  allowing  tor  expan^on 
and  contraction  of  the  metal.  The  closer  these  cleats  are  placed,  the 
firmer  the  roof  will  be  and  the  better  the  seams  will  hold.  By  using 
fewer  cleats,  time  may  be  saved  in  laying  the  roof,  but  double  this  time 
is  lost  when  soldering  the  seams,  for  the  heat  of  the  soldering  copper 


Fig.   209. 
will  raise  the  seams,  causing  a  succession  of  buckles,  which  retard 
soldering  and  require  10  per  cent  more  solder.     When  the  seams  are 
nailed  or  cleated  close  it  lays  Sat  and  smooth  and  the  soldering  is  done 
with  ease  and  less  solder. 

When  a  connection  is  to  be  made  between  metal  and  stone  or 
terra  cotta,  the  method  shown  in  Fig.  209  is  employed.  This  illus- 
tratioa  shows  a  stone  or  terra-cotta  cornice  A.    The  heavy  line  abed 
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r^resents  the  gutter  lining,  which  is  usually  made  from  20-oz,  cold- 
rolled  copper.  If  the  cornice  A  is  of  stone,  the  stone  cutter  cuts  a 
ra^le  into  the  top  of  the  cornice  A  as  at  B,  dove-tail  in  shape,  after 
whidi  the  liT^iig  abcdia  put  in  position  as  shown.  Then,  hang  care- 
ful that  there  is  no  water  or  moisture  in  the  raggle  B,  molten  lead  is 
poured  into  the  raggle  and  alter  it  is  cooled  it  is  dressed  down  well  with 
the  caulking  chisel  and  hammer. 

By  having  the  dove-ttul  cut,  die  lead  b  secured  firmly  in  poation, 
holding  down  the  edge  of  the  lining  and  making  a  tight  joint  Should 
the  cornice  be  of  terra  cotta  this  raggle  is  cut  into  the  clay  before  it  is 
baked  in  the  ovens.    This  method  of  making  connection  between 


irO 


Fig.  210. 
meta!  and  stone  is  the  same  no  matter  whether  a  gutter  or  upright  wall 
is  to  be  flashed.  When  a  flashing  between  a  stone  wall  and  roof  is  to 
be  made  tight,  then  instead  of  using  molten  lead,  cakes  of  lead  are  cast 
in  molds  made  for  this  purpose,  about  12  inches  long,  and  these  are 
driven  into  the  raggle  B  as  shown  in  Fig.  209  at  X. 

The  most  important  step  in  roofing  is  the  soldering.  The  s^le  of 
soldering  copper  employed  is  shown  in  Fig.  210  and  weighs  at  least  8 
pounds  to  the  pair.  When  rosin  is  used  as  a  flux,  it  is  also  employed 
in  tinning  the  coppers,  but  when  acid  is  used  as  a  flux  for  soldering  zinc 
or  galvanized  iron,  salammoniac  is  used  for  tinning  the  coppers.  It 
will  be  noticed  that  the  soldering  coppers  are  forged  square  at  the  ends, 
and  have  a  groove  filed  in  one  side  as  shown  at  A.  When  the  copper 
is  turned  upward  the  groove  should  be  filed 
toward  the  lower  side  within  J  inch  from 
the  corner,  so  that  when  the  groove  is  placed 
upon  the  seam,  as  shown  in  Fig.  211,  it  acts 
^■211.  as  a  guide  to  the  copperas  the  latter  is 

drawn  along  tlie  seam.  The  groove  a  being  in  the  position  shown, 
the  largest  heated  surface  b  rests  directly  on  the  seam,  "soaking" 
it  thoroughly  with  solder.  As  the  heat  draws  the  solder  between 
the  locks,  about  6  pounds  of  i  and  J  solder  are  required  for  100  square 
feet  of  surface  using  14  x  20-iuch  tin.  The  use  of  acid  in  soldering 
seams  in  a  tin  roof  is  to  be  avoided  as  add  coming  in  contact  with  the 
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ban  edgea  and  corners,  where  the  sheets  are  folded  and  seamed  to- 
gether, will  cause  nistiiig.  No  other  soldering  flux  but  good  clean 
rosin  should  be  employed.  The  same  flux  (rosin)  should  be  used 
when  soldering  copper  roofing  whose  edges  have  previously  been 
tinned  widi  rosin. 

We  will  now  consid^  the  soldering  of  upright  seams.  Tlie  solder- 
ing copper  to  be  employed  for  this  purpose  is  shaped  as  shown  in  Fig. 
212.    It  is  foiled  to  a  wedge  shape,  about  1  inch  wide  and  }  inch 


Fig.  212. 
thick  at  the  end,  and  is  tiniied  on  one  side  and  the  end  only;  if  tinned 
otherwise,  the  solder,  instead  of  remaining  on  the  tinned  side  when 
soldering,  would  flow  downward;  by  having  the  soldering  copper  tin- 
ned on  one  side  only,  the  remaining  sides  are  black  and  do  not  tend 
to  draw  the  solder  downward.  The  soldering  copper  bang  thus  pre- 
pared, the  upright  seam,  shown  in  Fig.  213,  where  the  sheet  B  overlaps 
die  sheet  A 1",  is  soldered  by  first  tacking  the  seam  to  make  it  lay  close, 
then  thoroughly  soaldng  the  seam, 
and  then  placing  ridges  of  solder 
across  it  to  strengthen  the  same. 
In  uang  the  soldering  copper  it 
should  be  held  in  the  position 
diowD  by  C,  which  allows  the  sol- 
der to  flow  forward  and  into  the 
seam,  while  if  the  copper  were  held 
as  shown  by  D,  the  solder  would 
flow  backward  and  away  from  the 
seam.  In  "soaking"  the  seam  with 
solder  the  copper  should  be  placed 
direcdy  over  the  lapped  part,  so  that  the  metal  gets  thoroughly 
heated  and  draws  the  solder  between  the  joint.  It  makes  no  differ- 
ence where  this  cross  joint  occurs;  the  same  methods  are  used. 

He  roof  btaag  completed,  the  rosin  is  scraped  off  the  seams  and 
the  roof  deaned  and  piunted  with  good  iron  oxide  and  linseed  oil  p^nt. 
Some  roofers  omit  the  scraping  of  rosin  and  paint  directly  over  it. 
litis  is  die  cause  of  rusting  of  seams  whiai  sometimes  occurs.    If  the 


Fig.  213. 
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paint  is  applied  to  the  rosin,  the  latter,  with  time,  will  crack,  and  the 
rain  will  soak  under  the  cracked  rosin  to  the  tin  surface.  Kvenwhen 
the  surface  of  the  roof  is  dry,  by  rising  the  cracked  ro^,  moisture 
will  often  be  found  underneath,  which  naturally  tends  to  rust  the  plate 
more  and  more  with  each  storm.  If  the  rosin  is  removed,  the  entire 
tin  surface  is  protected  by  paint. 

One  of  the  most  difficult  jobs  in  flat-seams  roofing  is  that  of  cover- 
ing a  conical  tower.  As  the  roof  in  question  is  round  in  plan  and  taper- 
ing in  elevation,  it  b  necessary  to  know  the 
method  of  cutting  the  various  patterns  for  the 
sheets.  In  Fig.  214  ABC  shows  the  eleva- 
tion of  a  tower  to  be  covered  with  flat  seam 
roofing,  using  10  X  14rinch  tin  at  the  base.  As- 
suming that  the  tower  through  B  C  is  10  feet  6 
inches,  or  126  inches,  in  diameter,  the  drcum- 
ference  is  obtwned  by  multiplying  126  by 
3.1416  which  equals  395.8416,  or  say  396 
inches.  As  10  x  14-indi  plate  is  to  be  used  at 
the  base  of  the  tower  the  nearest  width  which 
can  be  employed,  and  which  will  divide  the 
space  into  equal  spaces,  is  13^  inches  without 
edges,  thus  dividing  the  circumference  in  30 
equal  spaces.  This  width  of  13J  inches  to- 
gether with  the  length  of  the  rafter  A  B  or  B  C 
in  elevation,  will  be  the  basis  from  which  all  the 
patterns  for  the  various  courses  will  be  laid  off. 
At  any  convenient  place  in  the  shop  or  at 
the  building,  stretch  a  piece  of  tar  felting  of 
tlie  required  length,  tacking  it  at  the  four  corners  with  nails  to 
keep  the  paper  from  moving.  Upon  the  center  of  the  felting  strike 
a  clialk  line  as  A  B  in  Fig.  215,  making  it  equal  to  the  length 
of  the  rafter  A  B  or  A  C  in  Fig,  214.  At  right  angles  to  A  B  in 
Fig.  215  at  either  ade,  draw  the  lines  B  D  and  B  C  each  equal  to  6|- 
inches,  l)eing  one  half  of  the  13J  above  referred  to.  From  the  points 
C  and  D  draw  lines  to  tlie  apex  A  (shown  broken).  As  the  width  of 
the  sheet  used  is  10  indies  and  as  we  assume  an  edge  of  |  inch  for 
each  side,  tlius  lea\-ing  Q\  inches,  measure  on  tlie  vertical  line  A  B 
lengths  of  9}  inches  in  succession,  im6I  the  apex  A  is  readied,  leaving 


Fig.  214. 
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the  last  sheet  at  the  top  to  come  as  it  may.    Through  the  points  thus 

obtained  on  A  B  draw  lines  parallel  to  C  D  intersecting  the  lines  A  C 

and  A  D  as  shown.    Then  the  various  shapes  marked  12  3  etc.  will 

be  the  net  patterns  for  similarly  numbered 

courses.     Take  the  shears  and  cut  out  the 

pattODS  on  the  felting  and  number  them  as 

required. 

For  example,  take  the  paper  pattern 

No.  1,  place  it  on  a  sheet  of  tin  as  shown  in 

Fig.  216,  and  allow  §-inch  edges  all  around, 

and  notch  the  corners  ABC  and  D.     Mark 

on  the  tin  pattern  "No.  1,  29  more",  as  30 

sheets  are  required  to  go  arotmd  the  tower, 

and  cut  29  more  for  course  No.  1.     Treat 

all  of  the  paper  patterns  from  No.  1  to  the 

apex  in  similar  manner.     Of  course  where 

the  patterns  become  smaller  in  size  at  the 

top,  the  waste  from  other  patterns  can  be 

used. 

In  Fig.  217  is  shown  how  the  sheets 

should  be  edged,  always  bdng  careful  to 

have  the  narrow  side  towards  the  top  with 

the  edge  toward  the  outside,  the  same  as  In 

flat  seam  roofing.     Lay  the  sheets  in  the 

usual  manner,  breaking  Joints  as  in  general 

practice.     As   the   seams  are  not  soldered     '  .  ^  <* 

ew^  must  be  taken  to  lock  the  edges  well. 

After  the  entire  roof  is  laid  and  before  closing  the  seams  with  the  mallet 
take  a  small  brush  and 
paint  the  locks  with  thick 
white  lead,  then  close 
with  the  mallet.  This 
will  make  a  water-tight 
job.     AftCT  the  roof  is 


Fig.  216.  Fig.  217. 

completed  the  finial  D  in  FTg.  214  is  put  in  position. 

As  the  method  used  for  obtaining  the  patterns  for  the  various 
sheets  in  Fig.  215  is  based  upon  the  principle  used  in  obtaining  the 
eov^ope  of  a  right  cone,  some  student  may  say  that  in  accurate  pat- 
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terns  the  line  from  C  to  D  and  all  following  lines  should  be  curved, 
as  if  struck  with  a  radius  bom  the  center  A,  and  not  straight  as  shown. 
To  those  the  writer  would  say  that  the  curve  would  be  so  little  on  a 
small  pattern,  where  the  radius  is  so  long,  that  a  straight  line  answers 
the  purpose  just  as  well  in  all  practical  work;  for  it  would  amount  to 
considerable  labor  to  turn  edges  m  the  curved  cut  of  the  sheet,  and 
there  is  certainly  no  necessity  for  it. 

When  different  metals  are  to  be  connected  together,  as  for  instance 
tin  roofing  to  copper  flashing,  or  copper  tubes  to  galvanized  iron  gut- 
ters, or  zinc  flashings  in  connection  with  copper  linings,  care  must  be 
taken  to  have  the  copper  sheets  thoroughly  tinned  on  both  sides  whereit 
joins  to  the  galvanized  iron,  zinc,  or  other  metal,  to  avoid  any  electroly- 
sb  between  the  two  metals.  It  is  a  fact  not  well  known  to  roofers 
that  if  we  take  a  glass  jar  and  fill  it  with  water  and  place  it  in  separate- 
ly, two  clean  strips,  one  of  zinc  and  the  other  of  copper,  and  connect  the 
two  with  a  thin  copper  wire,  an  electrical  action  is  the  result,  and  if  the 
connection  remains  for  a  long  time 
{as  the  action  is  very  faint)  the  zinc 
would  be  destroyed,  because,  it  may 
be  said,  the  zinc  furnishes  the  fuel 
for  the  electrical  action,  the  same 
as  wood  furnishes  the  fuel  for  the 
flre.  Therefore,  if  die  copper  was 
not  tinned,  before  locking  into  the 
other  metal,  and  the  joint  became 
wet  with  rain,  the  coating  of  the 
metal  would  be  destroyed  by  the 
electrical  action  between  the  two  metals,  and  the  iron  would  rust 
tbrough. 

While  the  roofer  is  seldom  called  upon  to  lay  out  patterns  for  any 
roofing  work  occasion  may  arise  that  a  roof  flashing  is  required  around 
a  pipe  passing  through  a  roof  of  any  pitch,  as  .shown  in  Fig.  218,  in 
which  A  represents  a  smoke  or  vent  pipe  passing  through  the  roof  B  B, 
the  metal  roof  flashing  being  indicated  by  C  C.  If  tlie  roof  B  B  were 
level  the  opening  to  be  cut  into  the  flashing  C  C  would  .simply  be  a 
true  drcle  the  same  diameter  as  the  pipe  A.  But  where  the  roof 
pitches  the  opening  In  the  flashing  becomes  an  elliitse,  whose  minor 
axis  ia  the  same  as  the  diameter  of  the  pipe,  and  whose  major  axis  13 


Fig.  218. 
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equal  to  the  pitch  a  b.  In  Fig.  219  is  shown  how  this  opening  is  ob- 
tained l^  the  use  of  a  few  naib,  a  string,  and  a  pencil,  which  the  roofegr 
will  always  have  handy. 

First  draw  the  line  A  B  representing  the  slant  of  the  roof,  and 
then  make  the  pipe  of  the  desired  size  passing  through  this  line  at  its 
proper  angle  to  the  roof 
line.  Next  draw  the  center 
line  R  S  of  the  pipe,  a^ 
shown.  Call  the  point 
where  this  line  intersects 
the  roof  line,  I,  and  the 
points  where  D  E  and  C  F 
intersect  A  B,  G  and  H  re- 
spectively. Through  I  draw 
K  L  at  right  angles  to  A  B, 
making  K I  and  I  L  each 
equal  to  the  half  diameter 
of  the  pipe.  Having  estab- 
lished the  minor  axis  K  L 
and  the  major  axis  G  H, 
the  ellipse  is  made  by  tak- 
ing I  H,  or  half  the  major 
axis,  as  a  radius,  and  with 
L  as  a  center  strike  arcs  in-  ^'^'  ^^^' 

tersecting  the  major  axis,  at  points  M  and  N.  Drive  a  small  nul  in 
each  of  these  two  points  and  attach  a  string  to  the  n^b  as  shown  by 
the  dotted  lines  K  M  N,  in  such  a  way  that  when  a  pencil  point  is 
placed  in  the  string  it  will  reach  K.  Move  the  pencil  ak)ng  the 
string,  keeping  it  taut  all  the  time  until  the  ellipse  K  H  L  G  is  ob- 
tuned.  Note  how  the  position  of  the  string  changes  when  it  reaches 
a,  then  h,  eta 

STANDINO-SEAM  ROOFING 

Another  form  of  metal  roofing  is  that  known  as  standing  seam, 
which  is  used  on  steep  roofs  not  less  than  ^  pitch,  or  ^  the  width 
of  the  building.  It  consists  of  metal  sheets  whose  cross  or  horizontal 
seams  are  locked  as  in  flat  seam  roofing,  and  whose  vertical  seams  are 
standing  locked  seams,  as  will  be  described  in  connection  with  Figs. 
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Fig.  220. 


220  to  229  inclusive.  Assume  that  14  x  20-iDch  sheets  are  used  and 
the  sheets  are  edged  on  the  20-inch  sides  only,  as  shown  by  A  in  Fig. 
220,  making  the  sheet  13x  ^  inches.  After  the  required  number  of 
sheets  have  been  edged,  and  assuming  that  the  length  of  the  pitched 
roof  is  30  feet,  then  as  many  sheets  are 
locked  together  as  will  be  required,  and 
the  seams  are  closed  with  the  mallet 
and  soldered.  In  practice  these  strips 
are  prepared  of  the  required  length  in  the 
shop,  pEunted  on  the  underside,  and  when 
dry  are  rolled  up  and  sent  to  (he  building. 
If  desired  they  can  be  laid  out  at  the  build- 
ing, which  avoids  the  buckling  caused  by  rolling  and  transportation 
from  the  shop  to  the  job. 

After  the  necessary  strips  have  been  prepared  they  are  bent  up 
with  the  roofing  tongs,  or,  what  is  better  and  quicker,  the  roofing  edger 
for  standing-seam  roofing.  This  is  a  machine  into  which  the  strips  of 
tin  are  fed,  being  dis- 
charged in  the  required 
bent  form  shown  at  A  or 
B  in  Fig.  221,  bent  up  1 
inch  on  one  side  and  1^ 
inches  on  the  other  side. 
Or  the  machine  will,  if  ^'«-  ^^'■ 

desired,  bend  up  IJ  inches  and  li  inches,  giving  a  f-inch  finished 
doubled  seam  in  the  first  case  and  a  1-inch  seam  in  the  second. 
When  laying  standing-seam  roofing,  in  no  case  should  any  nails 
be  driven  into  the  sheets.  This  applies  to  tin,  copper  or  galva- 
nized iron  sheets.  A  cleat  should  be  used,  bs  shown 
in  Fig.  222,  which  also  shows  the  full  size  for  laying 
the  sheets  given  in  Fig.  221.  Thus  it  will  be  seen  in 
Fig.  222  that  J  inch  has  been  added  over  the  measure- 
ments in  Fig.  221,  tlius  allowing  edges. 

These  cleats  shown  in  Fig.  222  are  made  from 
scrap  metal;  they  allow  for  tlie  expansion  and  con- 
traction of  the  roofing  and  are  used  in  practice  as  shown  in  Fig.  223, 
which  represents  the  first  operation  in  laying  a  standing-seam  roof, 
and  in  which  A  represents  the  gutter  with  a  lock  attached  at  B.    The 


Fig.  222. 
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gutter  being  fastened  in  position  bj  means  of  cleats  under  the 
lock  B — the  same  as  in  flat  seam  roofing — the  standing  seam  strips 
are  I^d  as  follows:  Take  the  strip  C  and  lock  it  well  into  the 
lock  B  of  the  gutter  A  as  shown,  and  place  the  cleat  shown  in  Fig. 
222  tightly  ag^nst  the  upright  bend  of  the  strip  C  in  Fig.  223  as  shown 
at  D,  and  fasten  it  to  the  roof  by  means  of  a  1-inch  roofing  nul  a. 


Fig.  223. 
Press  the  strip  C  firmly  onto  the  roof  and  turn  over  edge  6  of  the  cleat 
D.     This  holds  the  sheet  C  in  position.     Now  take  the  next  sheet  E, 
press  it  down  and  against  the  cleat  D  and  turn  over  the  edge  d,  which 
holds  E  in  position.     These  cleats  should  be  placed  about  18  inches 


Fig.  224.  Fig.  225. 

apart  and  by  using  them  it  will  be  seen  that  no  nails  have  been  driven 
through  the  sheets,  the  entire  roof  being  held  in  position  by  means  of 
the  cleats  only. 

The  second  operation  is  shown  In  Fig.  224.  By  means  of  the 
hand  double  seamer  and  mallet  or  with  the  roofing  double  seamers  and 
squeezing  tongs,  the  single  seam  is  made  as  shown  at  a.  The  third 
and  last  operation  is  shown  in  Fig.  225  where  by  the  use  of  the  same 
tools  the  doubled  seam  a  is  obtained.  In  Fig.  226  is  shown  how  the 
finif^  is  made  with  a  comb  ridge  at  the  top.     The  sheets  AAA  have 
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OD  the  one  side  the  single  edge  as  shown,  white  the  opposite  ^de  B  has 
» double  edge  turned  over  as  shown  at  a.  Then,  standing  seams bbb 
are  soldered  down  to  e. 

In  F%.  227  is  shown  how  the  side  of  a  wall  is  flashed  and  counter 


Fig.  226. 
flawed.    A  shows  the  gutter,  6  the  leader  or  rain  water  conductor, 
and  C  the  lock  on  the  gutter  A,  fastened  to  the  roof  boards  by  cleats 


Fig,  227. 
W)  sbown  at  D.    The  back  of  the  gutter  b  flashed  up  agiunst  the  wall 
■8  high  as  shown  by  the  dotted  line  E.    F  represents  a  standing-seam 
strip  locked  into  the  gutter  at  H  and  flashed  up  against  the  wall  aa  bi^ 
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as  shown  by  the  dotted  line  J  J.  As  the  flashing  J  J  E  is  not  fastened 
at  any  part  to  the  wall  the  beams  or  wall  can  settle  without  disturbing 
the  flashing.  The  counter  or  cap  flashing  K  K  K  is  now  stepped  as 
shown  by  the  heavy  lines,  the  joints  of  the  brick  work  bong  cut  out  to 
allow  a  one-inch  flange  ddd  etc.  to  enter.  This  is  well  fastened  with 
flashing  hooks,  as  indicated  by  the  small  dots,  and  then  made  water- 
light  with  roofer's  cement.  As  will  be  seen  the  cap  flashing  overlaps  the 
base  flashing  a  distance  indicated  by  J  J  and  ^ 

covers  to  L  L;  the  comer  is  double  seamed  at 
ab.  M  shows  a  sectional  view  through  the 
guttfiT  showing  how  the  tubes  and  leaders  are 
joined.  The  tube  N  is  flanged  out  as  shown 
at  i  i,  and  soldered  to  the  gutter;  the  leader 
O  is  then  slipped  over  the  tube  N  as  shown, 
and  fastened. 

In  the  section  on  Flat-Seam  Roofing  it 
was  ^tlwned  how  a  conical  tower.  Pig.  214, 
would  be  covered.  It  will  be  shown  now 
how  this  tower  would  be  covered  with  stand- 
ing-seam roofing.  As  the  circumference  of 
the  tower  at  the  base  is  396  inches,  and 
jLTOiiming  that  14  X  20-inch  tin  plate  is  to 
be  used  at  the  base  of  the  tower,  the  nearest 
width  which  can  be  employed  and  which 
will  divide  the  base  into  equal  spaces  is  1 7  sV 
inches,  without  edges,  thus  dividing  the  cir- 
cumference into  23  equal  parts.  Then  the 
width  of  17/5-  inches  and  the  length  of  the 
rafter  A  B  or  AC  in  elevation  will  be  the  ( 
baas  from  which  to  construct  the  pattern 
for  the  standing  seam  strip,  for  which  pro- 
ceed as  follows: 

Let  A  B  C  D  m  Fig.  228  represent  a  20-inch  wide  strip  locked  and 
soldered  to  the  required  length.  Through  the  center  of  the  strip  draw 
the  line  E  F.  Now  measure  the  length  of  the  rafter  A  B  or  A  C  in  Kg. 
214  and  place  it  on  the  line  E  F  in  Fig.  228  as  shown  from  H  to  F.  At 
right  angles  to  H  F  on  «ther  side  draw  F  O  and  F  L  making  each 
equal  to  8H  inches,  bdng  one  half  of  the  17^  above  referred  to. 
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From  points  L  and  O  draw  lines  to  the  apex  H  (shown  broken).  At 
right  angles  to  H  L  and  H  O  draw  lines  H  P  equal  to  1{  indies  and 
H  S  equal  to  1}  inches  respectively.  In  similar  manner  draw  L  D  and 
O  C  and  connect  by  lines  the  points  P  D  and  S  C.  Then  will  P  S  C  D 
be  the  pattern  for  the  standing  seam  strip,  of  which  22  more  will  be 
required.  When  the  strips  are  all  cut  out,  use  the  roofing  tongs  and 
bend  up  the  sides,  after  which  they  are  laid  on 
the  tower,  fastened  with  cleats,  and  double 
segued  with  the  hand  seamer  and  mallet  in 
the  usual  manner. 

If  the  tower  was  done  m  copper  or  gdva- 
nized  sheet  iron  or  steel,  where  S-foot  sheets 
could  be  used,  as  many  sheets  would  be  cross- 
locked  together  as  required;  then  metal  could 
be  saved,  and  waste  avoided,  by  cutting  the 
sheets  as  shown  in  Fig.  229  in  which  A  B  C  D 
shows  the  sheets  of  metal  locked  together,  and 
E  and  F  the  pattern  sheets,  the  only  waste  be- 
ing that  shown  by  the  shaded  portion.  Where 
the  finial  D  in  Fig.  214  sets  over  the  tower,  the 
"  ^     standing  seams  are  turned  over  flat  as  much 

*■       ■  as  b  required  to  receive  the  finial,  or  small 

notches  would  be  cut  into  the  base  of  the  finial,  to  allow  it  to  slip  over 
the  standing  seams.  Before  closing  the  seams,  they  are  ptunted  with 
white  lead  with  a  tool  brush,  then  closed  up  tight,  which  makes  a  good 
tight  job. 

CORRUGATED  IRON  ROOFING  AND  SIDING 
Corrugated  iron  is  used  for  roofs  and  sides  of  buildings.  It  is 
usually  laid  directiy  upon  the  purlins  in  roofs  constructed  as  shown  in 
Rgs.  230  and  231,  the  former  being  constructed  to  receive  sidings  of 
corrugated  iron,  while  in  the  latter  figure  the  side  walls  of  the  building 
are  brick.  Special  care  must  be  taken  that  the  projecting  edges  of  the 
corrugated  iron  at  the  eaves  and  gable  ends  of  the  roof  are  well  secured, 
otherwise  the  wind  will  loosen  the  sheets  and  fold  them  up.  The  cor- 
rugations are  made  of  various  sizes  such  as  5-inch,  2i-inch,  IJ-inch 
and  j-inch,  the  measurements  always  being  from  A  to  B  in  Fig.  232, 
and  the  depth  being  shown  by  C.     The  smaller  corrugations  pve  a 
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\  more  pleasing  appearance,  luit  tlie  larger  corrugations  are  sfitfer  and 
will  span  a  greacer  distance.tliereby  permitting  the  purlins  to  be  further 
apart 


Fig.  230. 
The  thickness  of  the  metal  gene-ally  use<l  for  roofing  and  siding 
ies  from  No,  24  to  No.  16  gauge.     By  actual  trial  made  by  The 


Fig.  231. 
Ketone  Bridge  Company  it  was  found  tliat  corrugated  iron  No.  20, 
(panning  6   feet,  began   to  give 
permanent  deflection  at  a  load  of 
30  lb.  per  square  foot,  and  tliat 
it  collapsed  with  a  loml  of  60  lb. 
per  square  foot.     The   distaiice 
.  between  centers  of  purlins  should,  therefore,  not  e.\ceed  0  feet,  and 
prefaably  be  less  than  this. 


Fig.  232. 
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The  following  tables  will  prove  of  value  when  desiring  any  info> 
mation  to  which  they  appertain. 

MKASUIiEMENTS  OF  COIUU'GATEU  SHEETS 

Dimcnsinns  of  Sheets  and  CorrugationR. 


^9 

•^h 

lb 

2'S 

Ih 

Sal 

f 

$ 

linoh 

. 

toieec 

M  inch. 

8  feet. 

HESULTS    OF   TEST 
of  a  corrugtttpd  shpct  N<).  20,  2  fi'i't  wide,  6  tuet  long  between  supports,  loaded 
unifunnly  with  fin;  eluy. 


Load 

Dcflet-tion 

lb. 

Inches. 

load  removed. 

[> 

1 

0 

10 

0 

16 

1 

0 

20 

2r. 

1 

0 
0 

30 

1 

35 

2 

40 

I 

45 

u 

50 

4 

li 

55 

Brok<'aown. 

Not  noted. 

60 

"        " 

The  followinjr  tiiiile  shows   Hie  ilislancc  jipjirt  the  supports  should 
be  for  diifi'reiit  jriiilfies  of  nirnifiateil  ihrcts: 

Xos.  IB  and   IS 6  tci  7  feet  apart. 

Nos.  20  and  22 , ,  .4  ti.  .'5  fei:t.  apurt. 

Ni).  ''-l .2  til  ■!  feet  apart. 

No.   28 2  fei't  apart. 
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The  following  table  is  calculated  for  sheets  30i  inches  wide  before 
corrugating. 


A 

in 

d 

J% 

,^^ 

zii 

>^r 

sheet.  Fur  sbeet  leagtha  of: 

^f"^ 

^ 

k 

K 

^h 

5f«l 

8  (eel 

7  feet  1   8  feet 

9  feet 

10  feet 

ia 

.M6 

2  61 

s.^a 

3«> 

158 

^      1    3.S0 

MB 

B.BS 

S9 

m 

' 

m 

III 

1" 

!l7 

111 

l.W 

» 

.018 

TS 

.«! 

W 

Sfl 

1.08 

LAYING  CORRUGATED  ROOFING 

When  laying  corrugated  iron  on  wood  sheathing  use  galvanized 
iron  nails  and  lead  washers.  The  advantage  in  using  lead  washers  is 
that  they  make  a  tight  joint  and  prevent  leaking  and  rusting  at  the  nail 
hole;  the  washer  being  soft  it  easily  shapes  itself  to  any  curve.  In  Fifj. 
233  is  shown  how  these  washers  are  used;  A  shows  the  full  size  nail 


Kg.  233. 
and  washer.  \\Tien  laying,  commence  at  the  left  hand  corner  of  the 
eave  and  end  of  the  building.  Contiiute  laying  to  the  ridge  by  lapping 
the  second  sheet  over  the  first  4  inches,the  left-hand  edge  being  finished 
by  means  of  a  gable  band  A,  formed  as  shown  in  Fig.  234,  into  which 
the  corrugate<l  sheet  B  is  well  beilded  in  roofer's  cement  C.  Wlien  it 
is  not  desired  to  use  this  gable  band  the  sheet  must  be  well  .secured  at 
the  edge  to  keep  the  wind  from  raising  the  sheets  from  the  roof  in  a 
storm,  as  at  A  in  Fig.  230. 
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Should  the  gable  have  a  fire  wall,  tlien  let  the  sheets  A  butt  against 
the  wall  and  flash  with  tomigated  flashing  as  shown  in  Fig.  235,  ovct 
which  the  regular  cai>  or  coimter  flajsliiiig  ih  placed  as  explained  in 
connection  witli  Fig.  227.  Sliould 
the  r i <! g e  of  the  roof  A  butt 
against  a  wall,  as  shou~n  at  B  in 
Fig.  230,  then  an  end-wall  flash- 
ing is  use<l  a.s  is  shown  in  Fig. 
23G  which  must  also  be  capped, 
by  either  using  cap  flashing  or 
allowing  the  corrugated  siding 
to  overlap  this  end-wall  flashing 


r 


3 


Fig.  234. 


Fig.  235. 


as  would  be  the  case  at  B  in  Fig.  230.  Now  commence  the 
second  course  at  tlie  eaves,  giving  one  and  one  half  corrugations  for 
aide  lap,  being  careful  that  tlie  si<le  corrugations  center  each  other 
exactly  and  nail  with  washers  as  shown  in  Fig.  237.  Nail  at  every 
otlier  corrugation  at  end  laps, 
and  at  about  every  6  inches  at 
si<le  laps,  nailing  through  top 
of  corrugation  as  shown  in 
'  '*^'  ■""'■  Fig.  237.     Continue  laying  in 

this  manner  until  the  roof  is  covered. 

The  same  rule  is  to  be  observed  in  regard  to  laps  and  flashing  if 
the  corrugated  iron  were  to  be  fastened  to  iron  purlins,  and  the  method 
of  fastening  to  the  iron  frames  would  be  accomplished  as  shown  in  Figs. 
238  to  240  inclusive.  Assuming  that 
steel  structures  are  to  be  covered,  as 
shown  in  Figs.  230  and  231,  then  let 
A  in  Fig.  238  l>e  the  iron  rafter,  B 
tlie  cross  angles  on  wliicli  the  sheets  D  are  laiti,  then  by  means 
of  the  clip  or  clamp  C,  which  is  made  from  hoop  iron  and  bent  around 
the  angle  B,  the  sheets  a:e  riveted  in  position.  In  Fig.  239  is  shown 
anotlier  form  of  clamp,  which  is  l)ent  over  the  l>ottom  of  the  angle  iron. 


FiK.  237. 
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Kg.  240  shows  still  another  method,  where  tlie  clamp  P  is  riveted  to  the 
sheet  B  at  E,  then  turned  around  the  angle  A  at  0.  To  avoid  having 
the  storm  drive  in  between  the  corrugated  opening  at  the  eaves,  cor- 
rugated wood  filler  is  used  an  shown  in  Fig.  241.     This  keeps  out  the 


Fig.  238.  Fig.  239. 

snow  and  sleet.  On  iron  framing  this  is  made  of  pressed  metal. 
Anotlier  fonn  of  corrugated  iron  roofing  is  shown  in  Fig,  242,  This  is 
put  down  with  cleats  in  a  manner  similar  to  standing -seam  roofing. 

If  there  are  hips  on  the  roof,  the  corrugated  iron  should  be  care- 
fully cut  and  the  hip  covered 
with  sheet  lead.  This  is  best 
done  by  having  a  wooden  cove 
or  filler  placed  on  the  hip, 
against  which  the  roofing  butts. 
Sheet  lead  is  then  formed  over 
this  wooden  core  and  into  tlie 
corrugations,  and  fastened  by 
merns  of  wood  screws  through  the  lead  cap  into  the  wooden  core. 
Ti:e  lead  being  soft,  it  can  be  worked  into  any  desired  shape. 
When  a  valley  occurs  in  a  hipped  roof,  form  from  plain  sheet  iron 
a  valley  as  shown  in  Fig.  243,  being  sm-e  to  give  it  two  coats  of  paint 

l)efore  laying,  and  make 
1^^^^.  it  from   24-inch  wide 

sheets,   bending   ii  p   1  2 

inches   on   each   side. 

Fit  it  in  the  valley,  and 


Fig.  240. 


Fig.  241. 


cut  the  corrugated  iron  to  fit  the  required   angle.     Then  lap  the 
corrugated  iron  over  the  valley  fnim  0  tii  8  inches. 

When  a  chimney  is  to  l>e  Hasheil,  as  shown  in  Fig.  244,  use  plain 
iron,  bending  up  and  flashing  into  the  chimney  joints,  and  allowing 
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dw  flawing  to  turn  up  under  the  corrugated  iron  at  the  top  about  12 
indies  and  over  the  corrugated  iron  at  the  bottom  about  the  same 
distance.  At  the  side  the  flashing  should  have  the  shape  of  the  cor- 
nigated  iron  and  recave  a  lap  of  about  8  inches,  the  entire  flashing 


Fig-  242. 
being  well  bedded  in  roofer's  cement.  Wiien  a  water-Jght  joint  is 
required  around  a  smoke  stack,  aa  shown  in  Fig.  245,  the  corrugated 
iron  is  flrst  cut  out  as  shown,  then  a  flashing  built  aroun<l  one  half  the 
upper  part  of  the  stack  to  keep  the  water  from  entering  inside.  This 
b  best  done  by  using  heavy 
sheet  lead  and  riveting  it  to 
the  sheets,  using  strips  of  sim- 
!  1  a  r  corrugated  iron  as  a 
washer  to  avoid  damaging  the 
lead.  Before  riveting,  tlie 
flashuig  must  be  well  bedded 
in  roofer's  cement  and  tlien 
make  a  be  v  e  I  e  d  a  n  gl  e  of 
cement  to  make  a  good  joint. 
After  this  upright  Sashing  is 
in  position  a  collar  is  set  over 
tlie  .same  and  fastened  to  the 
stuck  l>y  moans  of  an  iron  ring 
■Tiieiit  is  used  lo  make  a  water- 
(■(inslruction  givc-s  n«)ni  for  the 
cstape. 
Simelinit's  tlic  end  wall  Hashing  sliovvn  in  Fig.  230  can  be  used 
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to  good  advantage  in  building  the  upright  flashing  in  Fig.  245.    Where 
the  cfOTUgated  iron  meets  at  the  ridge,  as  at  D  and  D  in  Figs.  230  and 


Fig.  244. 
231,  a  wooden  core  is  placed  in  position  as  explained  in  connection  ivith 
the  hip  ridge,  and  an  angle  ridge,  pressed  by  dealers  who  furnish  the 


|4!iiiiIIi::= — - 


corrugated  iron,  is  placed  over  tlie  ridge  as  shown  in  Fig.  240.     Wlien 
a  ridge  roll  is  required,  the  shape  shown  in  Fig.  247  is  employed. 
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These  ridges  are  fastened  direct  to  the  roof  sheets  by  means  of  rivetinfi 
or  bolting. 

LAYING  CORRUaATEDSIDlNQ 
Before  putting  on  any  corrugated  siding  or  clapboarding,  as 
shown  in  Fig,  248,  a  iinish  is  usually  made  at  tlie  eaves  by  means  of  a 


hanging  gutter  or  a  plain  cornice,  shown  in  Fig.  249,  which  is  fastened 
to  the  projecting  wooden  or  iron  rafters.  This  method  is  generally 
used  on  elevators,  mills,  factories,  barns,  etc.,  where  corrugated  iron, 
crimped  iron  or  clapboards  are  used  for  either  roofing  or  siding.     This 


Fig,  1^47. 

style  of  cornice  covers  the  eaves  and  gable  projections,  so  as  to  make 
the  building  entirely  ironclad.  Wien  laying  the  siding  commence 
at  the  left  hand  corner,  laying  the  courses  from  base  to  cornice,  giving 
the  sheets  a  lap  of  two  inches  as  the  ends  and  one  and  one  half  corruga- 


tions at  the  sides.     Nail  si<le  laps  every  0  inches  and  end  laps  at  every 
other  corrugation,  driving  the  nails  as  shown  in  Fig.  250. 

Where  the  sheets  must  be  fastened  to  iron  framing  use  the  same 
method  as  explained  in  connection  witli  Figs.  238,  239  and  240.  In 
this  case,  insteadofnaiUngtlie  sheets,  they  woul<l  be  riveted.  If  siding 
is  put  on  tlie  wooden  studding  care  .•ihonld  be  taken  tu  space  die  stud- 
ding the  same  distance  apart  as  tlie  laying  widtti  of  the  iron  used.    In 
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this  case  pieces  of  studding  should  be  placed  l>etween  the  uprights  at 
the  end  of  each  slieet  to  nail  the  laps.     When  covering  grain  elevatora 


Fig.  249. 
it  is  necessary  to  use  swinging  scaffolds.     Commence  at  the  base  and 
carry  up  the  course  to  the  eave,  the  length  of  the  scaffold.     Commence 
at  the  left  hand  and  give  the  sheets  a  lap  of  one  corrugation  on  the  side 
and  a  twoMnch  lap  at  the  end. 
Nail  or  rivet  in  every  corru- 
gation 3  inches  from  the  lower 
end  of  the  sheet;  this  allows 
for  settling  of  the  building. 

When  any  structure  is  to 
be  covered  on  two  or  more 
sides,  corner  casings  made  of 
flat  iron  are  employed,  of  a 
sl'.ape  similar  to  that  shown  at 
B,  Fig.  251.  It  will  be  seen 
that  a  rabbet  is  bent  on  both  ^ 
ades  a  and  b    to  admit   the  '*^'    ''  ' 

siding.  This  makes  a  neat  finisli  on  die  outside  and  hides  the 
rough  e<lges  of  Uie  siding.  If  a  window  ojiening  is  to  have 
casings  a  jamh  is  U3e<l  as  shown  at  .\,  Fig.  251,  which  has  a  similar  rab- 
bet at  a  tu  receive  the  si<ling,  and  a  s<iuare  bend  at  b  to  nail  against  the 
frame.     In  Fig.  252  is  shown  tlie  cap  of  a  window  or  opening.     It  is 
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bent  ao  that  a  is  nailed  to  tbe  window  or  other  frame  at  the  bottom, 
while  b  forms  a  flashing  over  which  the  siding  will  set.  Fig.  253  shows 
the  aiO  of  a  window,  which  has  a  rabbet  at  a,  in  whidi  the  sidinF  is 


Fig.  252.  l-ig.  2.->.-!. 

slippe<l;tlien  6  forms  a  drip,  and  any  water  coining  over  tlie  sill  passes 
over  the  siding  without  danger  of  leaks;  e  is  nailed  in  white  lead  to  the 
window  frame. 

Another  use  to  which  corrugated  iron  is  put  is  to  cover  sheds  and 
awnings.  Sheets  laid  on  wood  are  nailed  in  the  usual  manner,  while 
sheets  Ifud  on  angle  iron  construction  are  fastened  as  explained  in  the 


preceding  sections.  In  Fig.  2'i4  i.s  shown  ;ni  iiftiiliig  <)\'er  a  store  laid 
on  angle  iron  supports.  In  work  of  tliis  kuid,  to  make  a  neat  appear- 
ance, the  slieets  are  cuived  to  (inform  to  tiie  iron  bracket  A. 
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PLASTERING 


The  subject  of  plastering  in  relation  to  modem  dwellings  Is 
necessarily  divided  into  two  sections.  The  first  treats  of  the  plaster- 
ing of  walls  on  the  interior  of  the  house;  the  second  will  briefly  di!- 
-scribc  some  of  the  various  ways  of  finishing  in  cement  plaster  the 

house  cTterior. 

INTERIOR  PLASTERING 

The  installation  of  interior  plastering  murks  the  division  between 
the  completion  of  the  rough  work  on  the  residenee,  and  the  very 
beginning  of  the  placing  of  the  finiik  that  is  to  follow. 

The  plastering  cannot  be  started  until  the  walls  and  ceilings 
have  been  lathed,  and  the  ceilings  must  Ix-  furred  Ix-fore  even  the 
lathing  can  he  Iwgini.  When  the  building  is  ready  for  lathing,  all 
of  the  rough  stiklding,  framework,  and  partitions  must  l>e  set  in 
place;  and  the  piping  and  wiring  neeessar}'  in  the  plumbing,  heating, 
lighting,  etc.,  of  the  dwelling,  must  be  in.stalled  and  tested  before  the 
lathing  or  furring  can  be  started. 

The  apparent  break  in  the  progres.s  of  building  necessary  to  lath, 
plaster,  and  dn,'  out  a  house,  need  not  Ik^  altogether  time  lost  for  any 
of  the  various  trades.  Those  unable  t<t  resiim<'  work  initil  this  mter- 
mediary  process  has  been  complete<l,  can  be  securing  thtir  necessary 
materials  and  fixtures  and  arranghig  them  ready  f(  r  mstjlhtion 
The  carpenter  can  be  getting  out  his  mill  work  and  finish  In  redd\ 
to  put  in  his  window-sash,  si't  Ids  standing  finish  in  pi  lu  in)Un<l 
doors  and  windows,  lay  tiic  np|x'r  floors,  etc.,  and  complete  the 
remainder  of  his  eonlraet.  'I'lic  painter  iintl  paju'nT  then  ei>nnnence 
their  work;  the  elect rieiai is,  phnnbers,  and  heating  nmtraetors  in.stall 
theirservicc  fixtures,  anil  the  dwelling  is  .soon  rciidy  fori>(rii])!i(ion. 

The  studs  of  a  bnililing  an' .spaced  si.\teen  inclu-sapjirl  on  centers, 
so  that  each  lath  receives  four  nailings.  Each  end  of  the  lalli  rests 
upon  the  center  of  a  stnd;  ami  the  two  intermediate  studs  pn>vide 
fastenings  at  spaces  et|ually  distant  in  its  length.     TTie  ceilings  are 
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customarily  furred  to  provide  lath  nailings,  four — and  in  better  work, 
five — nailings  to  the  lath,  with  furrings  seven-eighths  of  an  inch  thick 
and  one  and  one-quarter  inches  or  more  wide,  running  crosswise  of  the 
floor  joists.  This  furring  is  intended  to  level  up  the  bottom  of  the 
joists,  and  distributes  the  unequal  result  of  their  shrinkage  or  uneven 
settlement  from  the  weight  above,  thus  preventing  plaster  cracks. 
Where  the  exterior  walls  are  of  masonry  construction,  they  are  gen- 
erally furred  by  the  carpenter  with  j-inch  strips  set  vertical  and 
spaced  1 6-inch  centers.  This  operation  serves  to  true  up  the  walls  and 
to  provide  an  air  space  to  protect  the  plaster  from  exterior  moisture. 
Before  beginning  lathing,  the  carpenter  should  see  that  each 
partition,  at  its  intersection  with  another  wall,  is  started  with  a  stud 
nailed  direc'tly  against  the  crossing  studding.  This  makes  it  impos- 
sible for  the  lather  to  run  the  ends  of  his  laths  in  behind  or  over  the 
partitions — a  careless  practice  that  provides  a  very  unstable  internal 
plaster  angle.  The  carpenter  also  sets  wood  grounds,  f-inch  thick, 
around  all  window  and  door  openings  and  around  the  walls  back  of 
base,  picture  moulding,  etc.,  to  provide  nailings  for  the  finish  wood- 
work. As  these  grounds  form  lines  for  finished  plaster  surfaces,  it  is 
imperative  that  they  l>e  set  straight  and  true.  It  is  essential  for  the 
carpenter  to  place  any  necessary  furring  for  cornices,  door-caps, 
etc.,  before  the  lathing  is  begun;  also  any  other  furring  blocks  that 
may  be  required  by  the  plumber  to  secure  the  setting  of  his  fixtures 
or  to  support  anci  carr\'  his  pipes. 

LATHING 

Wood  Laths.  Wood  laths  are  put  up  in  bundles  of  100  laths; 
and  are  nailed  upon  the  stutldings  of  the  wooden  frame,  with  a  space 
of  one-quarter  inch  between  tliem.  This  distance  is  sufficient  to 
allow  for  liith  shrinkage  or  swelling,  and  still  provide  a  firm  clinch  for 
the  plastering.  If  the  space  is  much  less  than  this,  the  plaster  clinch 
will  be  weakened.  If  nuich  more,  the  laths  may  possibly  sag  down 
on  the  (vilings  with  the  extra  weight  of  plaster.  In  no  instance  should 
these  spaces  between  laths  exceed  a  width  of  three-eighths  of  an  hioh. 

The  cliiirli,  or  kei/,  of  the  plaster  is  formed  by  the  mortar  being 
pressed  through  the  spaces  between  the  laths  and  then  spreading  out 
back  of  the  laths,  so  forniing  a  tit,  or  clinch,  that  holds  the  mortar 
firnd\-  and  securely  in  place. 
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It  occasionally  becomes  necessary  to  lath  on  very  thin  f  urrings 
to  cover  over  a  heating  pii)e,  a  brick  or  iron  support,  or  some  other 
such  exceptional  instance  of  construction.  In  that  case  a  wider  space 
betweenthelathsmaystrengthentheplasterclinchjor.betterstiH,  wire 
lath  and  metal  furring  may  be  used  over  or  around  such  obstructions. 

The  best  wooden  laths  are  made  of  white  pine  or  spruce,  and 
are  only  partially  seasoned.  They  should  be  free  from  sap,  bark, 
and  dead  knots.  Both  bark  and  knots  are  likely  to  loosen  from  the 
surrounding  wood  and  so  destroy  the  hold  of  the  plaster;  while  the 
face  of  the  plaster  is  occasionally  stained  from  pitchy  knotholes, 
bark,  or  sap.  All  laths  are  now  maohine-sawn.  The  old-fashioned 
split  lath  has  not  been  in  the  market  for  more  than  fifty  years. 

If  the  laths  are  too  dry,  the  wet  mortar  is  likely  to  cause  them  to 
warp  and  twist;  and  if  it  hardens  or  sets  before  the  laths  become 
saturated,  their  swelling  is  likely  to  produce  parallel  plaster  cracks. 
Better  results  can  be  obtained  by  using  wet  laths,  when  both  mortar 
and  laths  dry  out  together. 

In  specifying  the  nailing  of  wood  laths,  it  is  sometimes  thought 
to  ensure  better  work  if  two  naitings  are  required  at  each  end  of  the 
lath,  either  upon  the  ceiling  alone  or  upon  both  wall  and  ceiling.  It 
is  more  than  doubtful  if  this  requirement  produces  the  desired 
result,  as  two  nails  in  the  lath  end  are  likely  to  start  a  split,  which 
may  be  increased  by  the  pressure  necessarj-  in  applying  the  mortar, 
until  the  entire  end  of  the  lath  is  partially  or  whooly  loosened  from 
its  support  before  the  plastering  is  all  upon  the  wall.  Large  lath 
nails,  instead  of  making  the  work  more  secure,  weaken  it  in  the 
same  way.  The  common-sized  inch-and-one-cighth  long — "three- 
penny fine" — nails  fasten  the  laths  securel\',  e\'en  the  ceiling  noils 
rarely  pulling  out.  About  five  pounds  of  nails  will  be  necessarv  to 
each  one  thousand  laths. 

The  joints  of  laths  are  ordinarily  broken  every  six  courses. 
This  means  that  not  more  than  six  adjoining  lath  ends  are  nailed 
upon  one  stud  or  furring,  the  next  six  laths,  in  both  directions,  being 
carried  by,  ending  upon  the  next  wall  stud  or  on  furring  to  either 
right  or  left,  thus  alternating  the  break  and  obviating  the  possibility 
of  an  extended  crack  occurring  at  the  line  of  lath  jointure.  Occa- 
sionally studding  is  placed  twelve  inches  apart,  and  the  lath  joints 
broken  for  every  other  lath.     Such  precautions,  however,  are  not 
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necessary  in  tlie  ordinary  dwelling.  They  increase  expense;  and  the 
closer  Ri)aein«  ()f  the  studs,  es|HH'ially,  provides  more  undesirable 
weight  to  he  carried  I>y  tlie  liouse  frame. 

Wherever  the  womi  studdiiin  of  partitions  comes  up  against  the 
brickwork  of  chimneys  or  a  terra  cotta  or  brick  wail,  strips  of 
expiinded  metal  or  wirc-inesh  lath  should  Iw  employed,  extending 
se\'en  or  ei);ht  inches  o\er  upon  either  side  of  such  a  joint;  and,  if 
such  a  joint  occurs  in  an  internal  angle,  future  cracking  from  a 
<iifl'erence  in  settlement  or  shrinkage  ma\-  be  prevented  by  cutting 
through  each  plaster  coat,  when  soft,  with  a  sharp  trowel. 

Metal  Lath.  Of  late  years  man.\-  varieties  of  metal  lath  have  been 
place<l  upon  the  market.  The  use  of  such  lath  is  generally  required 
on  hoiler-room  ceilings,  and  in  other  places  exposed  to  strong  artificial 
heat.  Many  varieties  of  metal  lath — inchi<ling  all  those  made  of  wire 
— require  supports  at  closer  intc^^■als  than  is  provided  by  the  studding, 
12  inches  being  generally  considered  the  l>est  distance.  This  necessi- 
tates either  a  (;l()ser  spacing  of  studs  than  is  otherwise  necessarj' 
or  desirable,  or  a  series  of  fiirrings  fastenwl  to  the  wall  studding. 

There  are  some  metal  laths — generally  those  made  on  the 
expanded  principle — that  are  sufficiently  stitf,  in  one  direction,  to 
allow  of  a  spacing  of  supports  greater  than  12  inches;  but,  for  ordinary 
wire  cloth,  no  wider  distance  shoukl  ever  lie  allowed,  unless  the 
cloth  is  itself  artificially  stiH'cned.  All  metal  lath  should  be  securely 
fastened  by  .staples,  and  stretched  bet'ore  nailing,  to  increase  its  stiff- 
ness as  much  as  jxissible. 

In  using  metal  lath,  care  should  be  taken  to  prevent  plaster 
cracks  along  the  line  of  jointure.  The  use  of  metal  lath  also  requires 
three  coats  of  plaster,  in  order  to  stiffen  the  lath  sufficiently  to  resist 
the  pressure  require<l  to  finish  the  last  coat. 

LatJiing  and  plastering  are  gciiendly  estimated,  and  the  various 
materials  are  all  figured,  by  the  square  yard.  In  small  work,  no 
<i|)eriings  are  deducted  unless  They  exceed  sixty  square  feet  in  area. 
In  iigiiring  up  piaster  by  (inantity,  when  openings  are  allowed  for, 
it  is  soiuetiiiu-s  ciisliunary  to  add  half  of  tlie  contents  when  measur- 
ing closets;  while  small  triangular  wall  pieces  are  figured  as  though 
s<piare,  in  order  ti)  make  up  for  the  extra  annmnt  of  labor  require<l 
in  |ilastering  such  restricted  or  odd-sized  surfiU'cs. 

The  use  of  expanded  metal  or  wire  lath  is  frequently  demanded 
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by  the  building  laws  of  some  cities,  and  is  always  required  on  a  fire- 
proof or  first-class  building.  It  is  essential  that  metal  lath  or 
expanded  metal  be  galvanized  or  thoroughly  coated  with  water- 
proof paint  or  compound  to  prevent  rusting. 

Several  makes  of  plaster  board  are  in  the  market  and  being 
extensively  advertised.  They  come  in  eight  inch  wide  boards  or 
large  sheets  of  32  by  36  inches,  and  are  nailed  directly  upon  the  wall 
framing.  One  coat  of  piaster — in  three-coat  work — may  then  be 
dispensed  with.  These  boards  save  time,  being  rapidly  set  in  place 
even  by  unskilled  carpenters,  and  the  plaster  also  dries  out  much 
more  rapidly.  They  are,  however,  frequently  the  cause  of  cracks 
that  appear  in  the  finished  plaster  where  the  edges  of  the  boards 
come  together — sometimes  even  after  the  wall  has  been  papered. 

PLASTER  MATERIALS 

Plaster  is  principally  composed  of  lime,  sand,  hair,  and  voter. 

Lime  is  obtained  in  different  sections  of  the  country  from  cal- 
cined limestone,  the  carbonic  acid  and  moisture  contained  in  the 
stone  being  driven  off  by  the  burning  process.  The  whole  theory  of 
plastering  is  based  upon  the  reduction  of  limestone  to  Ume,  and  its 
chemical  recombination,  when  distributed  upon  the  walls  of  a  house, 
into  something  approaching  its  original  state.  The  slaking  of  the 
lime  provides  the  moisture  necessary  for  the  process  of  crystalliza- 
tion that  produces  the  ad  of  the  mortar;  while  the  sole  purpose  of 
applying  it  upon  the  wall  in  several  coats  is  to  present  that  much 
more  surface  to  absorb  the  carbonic  acid — of  which  it  was  originally 
deprived  in  burning — from  the  air.  The  thinner  the  coats  and  the 
lai^r  their  total  exposed  surface,  the  greater  the  absorption  of  this 
strengthening  constituent.  For  this  reason— and  solely  for  this 
reason — is  three-coat  plaster  work  to  be  considered  as  better  than  two. 

Properly  burnt  lime  slakes  easily  and  completely,  when  water  is 
added,  and  bubbles  and  hisses  with  the  heat  generated  by  the  pro- 
cess. This  is  what  is  called  the  slaking  of  lime.  Very  rich  and  pure 
lime — the  best  for  plastering — increases  to  about  twice  its  original 
bulk  by  being  slaked,  and  is  then  almost  pure  white  in  color.  Lime 
should  always  be  as  fresh  as  possible,  and  must  be  delivered  in  tightly 
sealed  barrels.  Care  should  also  be  taken  to  ascertain  that  it  has 
been  burned  with  wood  and  not  with  coal. 
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Sand  is  broken  ruck  which  has  become  decomposed  spontane- 
ously or  by  the  action  of  running  water.  That  made  by  niuuing 
water,  or  from  stones  worn  small  by  rolling  over  and  over  upon  the 
beach,  is  composed  of  particles  so  nearly  round  in  contour  and  so 
lacking  in  angularities  of  surface  that  they  are  not  good  material 
for  mixing  in  any  mortar  where  strength  is  a  requisite  or  ueces^ty. 
The  particles  of  rock  decomposed  by  exposure  are  better  adapted 
to  make  good  sand  for  mking  with  mortar,  their  shape  being  more 
irregular,  with  many  sharp  and  angular  comers.  Sand  obtained 
from  ledge  stones  contains  the  essential  elements  of  those  stones, 
quartz,  feldspar,  and  mica  being  present  in  granite  formations,  and 
lava,  obsidian,  etc.,  in  volcanic  sand.  The  sand  coming  from  the 
softer  stones  is  generally  more  thoroughly  disintegrated,  but  is  fre- 
quently so  rotten  as  to  be  entirely  unsuitable  for  use  in  plastering. 
In  most  parts  of  the  country  the  principal  supply  of  sand  now  comes 
from  the  beds  of  ancient  lakes  or  rivers,  and  is  caUed  -pit  sand.  True 
sand,  no  matter  how  fine,  may  always  be  distinguished  from  dust 
by  dropping  it  Into  a  glass  of  water,  as  it  will  invariably  sink  to  the 
bottom  without  leaving  any  appreciable  dirt  upon  the  surface. 

For  plastering  purposes,  sharply  angular  sand  is  not  absolutely 
essential.  Good  river  sand,  the  coarser  the  better,  b  obtained  so 
easily,  and  is  so  clean  and  free  from  dirt,  clay,  and  earth  stains,  that 
it  is  most  generally  employed  for  plaster. 

The  third  necessary  constituent  is  hair.  The  best  hair  upon  the 
market  b  cattle  hair  obtained  from  the  tanneries.  The  hair  should  be 
of  good  length;  and,  if  too  lumpy  or  clotted,  it  should  be  separated 
by  soaking  in  water  the  day  before  mixing  it  with  the  mortar,  as  thb 
method  of  separating  the  hair  is  less  dusty  and  more  healthful  than 
beating  or  whipping  it  dry  to  obtain  the  same  result. 

Occasionally  brick  dust  is  added  to  the  mortar  for  coloring,  when 
it  is  likely  that  the  mortar  will  set  more  rapidly — especially  if  the  dust 
is  mixed  in  shortly  before  using  and  is  drj'  at  the  time  of  mixing.  All 
brick  dust  should  be  sifted  through  a  fine  sieve.  Besides  brick  dust,  a 
variety  of  colorings  for  mortar  are  used — such  as  lampblack,  ivory 
black,  powdered  charcoal,  Spanish  brown,  raw  umber,  burnt  umber, 
red  aniline,  Venetian  red,  Indian  red,  vermilion,  ultramarine  blue, 
indigo  blue,  chrome  yellow,  and,  occasionally,  pulverized  clay. 
Mineral  colors  should  be  preferred  to  earth  colorings.    The  latter 
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weaken  the  plaster,  and  fade  rapidly.  Variously  colored  sands 
— when  tliey  can  be  obtained— make  the  best  and  most  durable  ma- 
terials possible  for  tinting  the  final  plaster  coat. 

It  is  impossible  to  state  arbitrary,  set,  hard-and-fast  proportions 
for  the  mixing  of  plastering  for  either  exterior  or  interior  work.  The 
different  makes  of  lime  and  grades  of  sand,  alone,  vary  sufficiently 
to  make  any  such  statements  exceedingly  inadvisable;  while  the  pur- 
pose and  conditions  under  which  the  plaster  is  to  be  used,  frequently 
occasion  considerable  changes  in  its  proportions, 

"Working"  the  Lime.  The  first  process  in  the  making  of  plaster 
is  the  slaking  of  the  lime.  This  consists,  as  already  said,  in  simply 
reducing  the  hard,  brittle  lumps  of  its  original  form  to  a  smooth  paste 
by  mixing  it  with  water.  It  is  of  the  utmost  importiance  that  the 
lime  should  be  entirely  and  completely  slaked,  and  the  paste  smoothly 
and  evenly  worked,  before  adding  any  of  the  other  ingredients. 

The  lime  is  slaked  in  a  moriar^ed,  a  box  of  boards  about  4  feet 
wide  and  7  feet  long,  and  a  foot  to  eighteen  inches  high,  set  in  some 
convenient  location  with  its  bottom  about  level  with  the  top  of  a  second 
box  placed  at  one  end,  and  about  two  feet  lower  in  grade.  Both 
mortar  and  lime-slaking  beds  should  have  tight  bottoms  and  strong 
sides,  well  braced  to  resist  the  pressure  that  will  come  upon  them 
when  they  are  full.  A  quantity  of  sand  already  screened  should 
also  be  near  at  hand.  Poorly  screened  sand  later  causes  extra  trouble 
and  work.  Gravel  in  the  mortar  delays  workmen  while  plastering 
and  floating,  and  much  good  plaster  material  will  be  lost  in  hurriedly 
throwing  or  picking  out  these  gravel  stones  in  the  rush  of  applying  the 
mortar  on  the  wall. 

The  barrel  lime  is  emptied  into  the  upper  box,  and  water  is 
poured  on  while  a  workman  breaks  up  the  lumps  and  works  the  mass 
back  and  forth  in  various  directions  with  a  hoe.  The  thorough  work- 
ing of  the  material  at  this  stage  is  necessary  to  ensure  its  complete  slak- 
ing. The  tendency  of  the  careless  workman  is  to  hoe  back  and  forth 
in  the  center  of  the  bed  without  any  regard  as  to  whether  he  is  stirring 
up  the  mortar  that  is  down  on  the  bottom  boards,or  whether  the  comers 
are  drawn  into  the  mixture  and  worked  as  evenly  as  the  remainder  of 
the  box.  If  the  paste  is  not  thoroughly  and  evenly  worked  to  an  equal 
eonsistency  throughout,  if  the  water  is  not  conducted  to  every  particle 
of  lime,  or  if  the  other  ingredients  are  mixed  in  before  the  paste  is 
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evenly  prepared,  the  lime  will  be  apt  to  blUter  and  slake  out  unevenly, 
causing  trouble  after  it  is  upon  the  wall.  If  the  comers,  for  instance, 
are  imperfectly  mixed,  lumps  of  clear  lime  will  afterward  appear. 
Many  of  these  lumps  will  pass  unnoticed  under  the  hoe  of  the  work- 
man tempering  the  mortar,  and  will  not  be  found  until  they  are  flat- 
tened out  under  the  wall  trowel  of  the  plasterer. 

If  too  nnich  water  is  used  in  slaking  the  lime — especially  if  a  too 
great  amount  b  added  at  once — the  pile  is  chilled  and  forms  into  lumps 
that  slake  too  tanlily.  If  too  little  water  is  added,  the  lime  is  left  so 
dry  (bijnw.as  the  plasterers  call  it)  that  many  small  particles  entirely 
fail  to  slake  through  lack  of  sufficient  moisture.  \\'hen  too  much 
water  droutta  the  lime  in  the  first  place,  it  becomes  so  thoroughly 
chilled  that  a  considerable  portion  of  its  strength  b  lost ;  and  the  proc- 
ess of  slaking  is.  by  the  ver>-  excess  of  water,  much  retarded.  The 
process  b  also  slowW  up  if  verj'  cold  waler  is  added,  although  the 
water  s*x>n  becomes  healed  from  the  reaction  of  the  lime.  At  the 
start.ju$t  enough  waler  .should  be  put  on  to  initiate  the  slaking  process. 
After  this,  as  the  slaking  pnKeeils.  more  water  should  be  added  as 
needetl,  taking  can-  to  keep  the  time  thoroughly  mobt  at  all  times. 
.A  verj"  active  and  tpiiok  slaking  lime  sliould  be  covered  with  water 
fmm  the  ven'  U-giiinitig.  to  giianl  against  the  possibility  of  burning. 
If  the  lime  omv  buma.  it  will  aftemanl  be  inipivi^ihlc,  by  any  amoimt 
of  workiiij;.  tn  j^'t  out  all  the  tine  Iimif**  that  are  then  caused.  Rich 
lime  will  sf[on*ar>!s  ftotk  ^wl.  is  little  likely  to  crack,  and  bears 
trowclinj:»hen  Ixnttj:  tiniduxl.withiHU  the  surface  peeling  off,  blister^ 
ittj:,  or  staitiiiij:. 

U  Iut«[is  »'f  iitist.-»krtJ  Ituie  cscafv  throcurh  the  s«.Teen  when  the 
lime  is  n:n  »>tT.  a:\t  p:"!  t;;i\i:\l  t",to  cht  r.-.ortar,  it  bitwm*^  very  difficult 
ft>  ershtica;*-  thttn  at!I■r^»arvL  I:  U  ivt  jx\>sibU'  tor  the  plasterer  to 
j?:-t  thesv  l-i™;-*  ^-t::  v-:  c:u-  •.■.■\  r^xr  »^et:  »i."rk.;:'.;  ::  o:i  the  "Tail:  and 
the  cesu":s  ^'f  their  *;;er» :a:v'.>  >^a».::-^  .■t::  » ■".  o'r.;Lr.".:e  ti.>  appear  long 
af:er  tb.e  >,\,?«;-  -s  ~T".<:-.i\i-  I:  'T.^y  ■.\-\-:-  ■-  z'~f  ~-r<:  c.-vit.  at  t'arious 
;:r.ws  Ar'tiT  tS-  wk-rs,  >  ^v.-.-i-  i:>v.  :S\-, :■:■■■::•:  ixtir-.-ir.;  tI--rt>iiiiout 
:'-Vf  iV'.'rv  "rs:  >^;^l^  '.x-^-  .  ■v  ..•  ys  •■.'  >;.,i.:..--'-v  V,-,.-  .rei^^nd. 
f.-T>.-'-'^  .(,;:  --V  >v.rT-t>v  y.,\.<---.^  .•..>■■.;-  ■...-•  ,tri,;  ;-.-*Lk:-.;  a  lanie 
Kv<wr  ,-  ".V.VV  i^^-v-iV-.  .i:v...:  j-  v"-  ■  ,•  a-i:-:;T.  ir-icc.  il  upon 
;V  ^v.V.r.'ii;.  *"■-■■.•>:   ■■•■-i-j.:-.--  -.i.  .>  ,•-       ,-"  ■  •  .<  .■.■■.sd..s.A:  M:i>?  ^tj;  into 
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are  of  necessity  smaller  in  size.  Instead  of  being  large,  the  resulting 
holes  are  then  comparatively  small,  running  generally  about  the  size 
of  the  head  of  a  pin,  and  the  entire  surface  of  the  plastering  is  fre- 
quently pitted,  the  particles  thrown  off  appearing  about  the  room  in 
the  shape  of  a  white  dust. 

In  the  brown  rough-coat,  the  spots  of  white,  unslaked  lime  are 
quite  easy  to  see,  as  they  are  often  the  size  of  a  bean  or  pea.  How- 
ever, in  the  final  white  coat,  these  spots,  being  smaller  and  of  the  same 
color  as  the  rest  of  the  mortar,  do  not  show. 

After  it  has  once  begun  to  warm  up,  the  lime  should  be  worked 
or  stirred  thoroughly  during  the  process  of  slaking,  so  that,  after  the 
action  has  been  completed,  it  will  be  of  the  consistency  of  a  pasty 
cream.  After  slaking,  the  Hme  should  be  run  off  through  a  fine  sieve 
(No.  5  screen)  put  at  the  end  of  the  slaking  box,  into  the  next  lower 
compartment,  or  mortai^bed.  The  screen  is  intended  to  keep  out  any 
lime  lumps  too  large  to  slake  liefore  the  mortar  is  used,  or  any  flinty 
settlement  that  may  be  found  in  the  lime,  and  to  allow  only  a  pure  and 
thoroughly  mixed  hydrate  to  be  admitted  to  the  bed. 

When  drawing  or  running  off  the  lime,  a  lai^  supply  of  sand 
already  screened  should  be  at  hand  to  scatter  in  the  bottom  of  the 
mortar-bed  and  to  use  for  stopping  leaks  that  may  appear  as  the  box 
gradually  fills.  This  screened  sand  should  be  sufficient  in  amount 
to  complete  the  mortar  mixture.  An  ample  supply  of  water,  either 
in  barrels  or  in  hose  piped  from  a  hydrant,  should  also  be  ready  at 
hand — to  avoid  any  possibility  of  the  lime  burning. 

For  the  puHy  or  finish  coat,  the  paste  should  be  made  even  thinner 
before  running  off,  and  may  be  of  the  consistency  of  milk.  The  sieve 
through  which  It  is  strained  should  also  be  finer,  of  about  the  mesh 
of  an  ordinary  flour  or  meal  screen.  The  paste  for  tliis  coat  is  often 
obtained  by  running  off  the  lime  a  second  time,  as  by  this  means  a 
cooler  working  putty  is  secured. 

The  length  of  time  that  mortar  for  plastering  should  be  mixed 
before  being  used,  is  a  much-discussed  question.  It  is  generally 
stated  in  architectural  specifications,  that  "the  mortar  should  be 
mixed  ten  days  or  two  weeks  before  using."  As  a  matter  of  fact,  this 
requirement  is  not  always  either  wise  or  desirable.  It  is  true  that,  in 
old  English  work,  lime  mortar  was  left  coveretl  over  with  earth  to 
aland  for  long  periods  of  time,  often  six  months  to  three  years  elapsing 
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before  it  was  uiied.  In  this  country',  such  slow-going  methods  are  not 
tn  be  expected.  While  lime  does  gain  in  strength  by  standing  in  this 
tliin  putty  state  before  sand  or  other  materials  have  been  mixed  with  it, 
yet  three  or  four  weeks,  at  the  least,  are  necessary  before  the  increase 
l«'Comes  very  apparent.  It  is  also  necessary  that  the  paste  should 
n-main  moist,  by  being  kept  covered  all  the  time.  At  the  end  of  the 
fourth  montli  its  strength  will  have  increased  about  one-fifth,  and 
mtxst  of  this  gain  has  been  ma^lc  during  that  month.  From  then  on 
tlie  gain  continues,  hut  gradually  decreases  in  amount. 

It  is  mow  economical  for  the  plasterer  to  use  a  lime  that  has  been 
slnkin!  for  some  weeks,  as,  when  tempered  down,  it  will  work  freely 
with  the  admixture  of  a  much  larger  proportion  of  sand  than  is  taken 
tip  by  lime  nii.\nl  as  stxtn  as  it  can  be  readily  woriwd.  This  extra 
amount  of  sand  docs  not  a<ld  to  the  strength  of  the  mortar;  but,  as  it 
(•aii.ses  the  lime  to  cover  a  greater  surface,  it  is  a  considerable  economy 
for  the  eontruetor,  made,  howe\'er,  at  the  expense  of  the  quality  of  his 
work. 

Lime  mortar  netxl  be  loft  standing  only  long  enough  for  all  its 
jwrticles  to  l>e  thontughly  t;laketl,  and.  if  properly  mixed  and  wet 
duwii  in  the  first  ca«\  a  great  deal  of  time  need  not  be  required  to 
vfftxt  that  n-sult.  'lliis  once  Kx-ured,  the  quicker  the  mortar  is  mixed 
ami  put  «(HMi  iho  building,  the  In-tter  and  stronger  will  be  the  plastering 
tlmi  ts  obtained.  It  is  further  ehiimed  thai  the  accompanying  loss  of 
limewator  is  aK-a.*  vcr\-  hannful,  as  this  water — fRim  the  properties 
which  it  has  alroatly  alv»>rl>i;\l  fr«.>m  the  lime — is  much  better  suited 
for  t-arrxitij;  on  the  pr*n.\'stf  of  mixini:  than  newly  added  clean  w»ter. 
Yrt .  if  the  lime  has  Kvn  U>ni:  stamiiiig,  it  may  be  neiTssary  to  juid  clean 
water  to  wplai-e  the  water  k>st  l>y  (•va{i.>ration  or  se^pajje.  although 
nK>nar  uii\evl  with  vlean  water  titrver  K-vvun-s  so  hard  as  that  mixed 
with  tht^  water  obtaim-vl  in  slakiiii;  the  lime- 

'I'he  sand  atu.1  hair  arf  iK-\t  avii.ioi.  the  hair  btin^  put  in  befiwe 
the  UK'rtar  bewnies  civ  stiil  to  work  mN*i.liiy.  .Vfter  th^  i^util  is  mixed, 
the  KX'rtar  shot:M  :;ot  K-  ief:  it'  sia::!;  •■r  ar-v  Vfith  ot"  tirne.  its  it 
woiilii  K^^■::s^■  •.vr^i.lerul.'iy  <.- r  arxt  a  x-ss  i.:'  srrtr^h  »\iul<.i  result. 
I: '.he  "•.•.■na- ,'.ivs  :x-vvi:v  st-t  ";  ;:v  S.\:.rt*'.-:^"v'*t>u!i;  Sr  rievessuy 
KtV-rr-  ::  l.^•v;'v:  S;-  ;•(;:  ■.;^vj;  :i■.^■  »a""s.  l"^-!.-  -^r^riT^  tier.  '••^  bears 
a  iv!-w?  rv-a:vt:  V  t^v  't-r;?:;    •:  ;  ::v  ■:  Xis  ^i.»v.  a;;-;  the  si'i»:iry  it 
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In  plastering  mortar  where  hair  is  require*!,  a  still  further  loss  of 
strength  would  result,  as  the  hair  would  be  so  rotted  or  eaten  by  its 
long  exposure  to  the  action  of  the  wet  Hme  as  to  be  almost  or  quite 
worthless.  The  hair  cannot  well  be  mixed  evenly,  except  at  the  time 
when  the  mortar  is  first  run  off,  while  it  is  in  a  very  thin  paste.  If, 
after  a  lime-and-sand  mixture  had  been  standing  for  some  months,  it 
were  attempted  to  bring  it  to  a  sufficiently  fluid  state  to  receive  the 
hair  properly,  by  wetting  it  down  a  second  time,  a  considerable  propoiv 
tion — varying  from  a  quarter  up  to  Jmost  a  halt — of  its  strength  would 
be  sacrificed. 

Bearing  these  facts  in  mind — once  certain  that  the  lime  is  slaked — 
it  would  appear  better  that  not  more  than  a  week  should  elapse  before 
the  use  of  this  mortar;  and  a  loss  time  than  that  is,  under  many  circum- 
stances, undoubtedly  desirable.  It  is  evident  that  no  more  lime-and- 
sand  mortar  should  be  mixed  at  one  time  than  can  be  used  within  a 
few  days  at  the  most.  The  length  of  time  that  mortar  should  be 
allowed  to  stand,  is  determined  more  or  less  by  the  dryness  or  moisture 
of  the  atmosphere.  The  dryer  the  atmosphere,  (he  shorter  the  time, 
as  the  setting  of  the  mortar  is,  in  part,  a  chemical  result  of  the  drying 
out,  or  evaporation,  of  the  water  of  crystallization.,  as  it  is  called. 

It  has  already  been  said  that  limes  made  in  different  parts  of  the 
country  vary  extensively  in  their  chemical  composition  and  properties. 
A  knowledge  of  the  chemical  composition  of  lime  mortars  and  the 
individual  pecidiarities  of  the  lime  locally  used,  is  necessary  before 
applying  or  attempting  to  utilize  the  principles  here  set  forth.  In 
the  eastern  part  of  the  United  States,  the  limes  frequently  contain  from 
a  third  to  a  half  of  carbonate  of  magnesia;  and  the  mortar  in  which 
such  times  are  employed  sets  very  readily. 

To  sum  up,  the  lime  should  be  slaked  as  evenly  and  thoroughly 
as  possible.  It  should  be  run  off  from  the  slaking  bed  through  a  fine 
sieve  into  the  mortar-bed  It  should  lie  there  no  longer  than  is  abso- 
lutely necessary;  and  if  it  could  be  possible  to  add  the  hair  and  sand 
while  the  original  mixture  is  sufliciently  moist  to  take  up  and  work 
the  entire  amount  of  the  latter  material  to  be  added,  the  resulting 
mixture  would  undoubtedly  be  that  much  the  stronger  and  more 
durable. 

Mixing  the  Mortar.  The  amount  of  sand  to  be  mixed  in  with 
the  lime  paste  is  a  variable  quantity,  depending  upon  the  sand  itself. 
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upon  the  quality  and  thickness  of  the  lime  pa.ste,  and  also  upoD  the 
nature  of  the  work  for  which  the  mortar  is  iatended.  With  excep- 
tionally rich  limes,  sand  to  the  amount  of  about  two  times  the  bulk 
of  the  lime — measuring  the  slaked  lime  in  the  form  of  a  rather  firm 
paste^may  be  added .  As  will  be  seen ,  this  is  a  most  uncertain  propor- 
tion, for  a  great  deal  depends  upon  the  firmness  of  the  lime  paste  alone. 
Allowing  for  variation  in  size  of  the  lumps  of  lime  and  their  closer  or 
looser  packing  together,  it  may  perhaps  be  better  to  say  that  the  sand 
should  bear  a  relation  to  the  lime,  before  it  is  slaked,  of  from  three  to 
four  and  one-half  times  its  bulk. 

The  richer  the  lime  and  the  finer  the  particles  of  sand,  the  more 
of  the  latter  should  be  employed,  although  the  finer  sand  does  not 
make  as  hard  or  as  good  mortar  as  the  coarser  variety.  If  both  are 
clean  and  sharp,  the  finer  and  coarser  varieties  of  sand  may  be  mixed 
together  with  good  results.  Most  laborers  are  apt  to  stop  adding  sand, 
merely  because  the  mortar  mixture  becomes  hard  to  work  when  the 
paste  becomes  too  thick.  This  is  poor  policy,  inasmuch  as  the  mix- 
ture becomes  much  harder  to  work  when  the  tempering  is  partly  com- 
pleted, a  day  or  two  later. 

The  fineness  of  the  sand  is  an  important  factor.  A  rather  coarse 
as  well  as  sharp  sand  is  considered  best,  as  the  amount  and  capacity 
of  the  voids  left  in  such  a  mixture  would  be  of  such  size  as,  without  any 
doubt,  would  provide  space  to  contain  lime  sufficient  to  cement  thb 
granular  mass  very  firmly  together.  The  close  pressure  and  contact 
of  the  sand  particles  would  also  lessen  the  possibility  of  settlement  or 
shrinkage,  with  accompanying  ma'p-cracks.  The  hair  may  be  mixed 
in  either  before  the  adding  of  the  sand  or  when  but  a  very  small  pro- 
portion of  the  latter  has  been  worked  into  the  lime  mixture.  The  hair 
is  generally  mixed  with  the  mortar  by  means  of  an  iron  rake.  It  should 
be  thoroughly  mixed,  and  enough  should  be  used  to  make  it  impossible 
to  find  any  small  sections  of  the  mortar  in  which  the  hair  cannot  be 
seen.  This  will  require  from  one  and  one-half  to  two  bushels  of  hair 
to  a  cask  of  lime. 

If  the  mortar  is  to  Ih'  use*!  as  a  first  coat  on  stone,  brick,  or  similar 
surfaces,  it  will  carry  more  .sand .  and  hair  is  not  considered  so  essential, 
a  half-bushel  to  the  barrel  of  lime  being  generally  ample.  If  too  little 
sand  is  used,  the  jjUistcr  is  liiible  to  dry  too  quickly  when  setting,  and, 
after  it  is  dry,  will  crumble  very  easily,  showing  up  too  white,  or  ashy 
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gray,  in  appearance.  If  too  much  sand  has  been  used,  the  plastering 
13  liable  to  fall  off,  and  will  crumble  when  rubbed  between  the  fingers. 

Mortar  for  a  second  coat  on  lath  may  be  of  about  this  same 
consistency  of  mixture.  For  the  final  coat  (the  piUty  coat  or  hard 
finish)  but  very  little  sand  b  used.  The  harder  the  finish,  the  less  the 
amount  of  sand.  For  thb  coat,  the  sand  is  mixed  at  the  time  when  the 
putty  b  run  off.  For  hard  finish,  when  marble  dust,  brick  dust,  op 
anything  of  that  sort  is  added,  it  is  generally  mbced  together  on  the 
mortar-board  immediately  before  applying.  Stucco,  or  plaster  of 
Paris,  is  never  mixed  with  putty  until  immediately  before  using,  on 
account  of  its  rapid  setting,  which  occurs  in  a  few  moments  after 
mixing.  When  once  set  before  being  applied,  it  becomes  useless. 
No  more  water  than  is  necessary  should  be  added,  either  in  the  mix- 
ing of  the  mortar  at  first  or  in  its  subsequent  tempering,  as  over-much 
wetting  of  the  lime  deprives  it  of  a  considerable  proportion  of  its 
strength,  and  also  retards  the  setting  process  by  giving  that  much  more 
moisture  that  is  neces^iry  to  be  disposed  of  by  evaporation  or  ciystalli- 
zation. 

A  bushel  of  lime  is  standardized  to  weigh  SO  pounds;  200  pounds 
is  allowed  to  the  barrel;  a  bushel  contains  about  one  and  one-quarter 
cubic  feet.  A  barrel  of  sand  is  supposed  to  contain  3  cubic  feet  of 
sand,  and  a  bushel  of  sand  weighs  about  120  pounds,  and  wet  mortar 
130  or  132  pounds.  \\Tien  hard,  mortar  is  figured  to  weigh  about  110 
pounds  to  the  cubic  foot. 

To  summarize — one  barrel  of  lime,  200  pounds,  will  take  about 
a  cubic  yard  of  sand.  In  most  localities  a  load  of  sand  is  supposed  to 
contain  twenty-seven  cubic  feet,  or  a  cubic  yard;  but  it  is  frequently 
less  than  this,  extending  down  to  two-thirds  of  the  amount.  To  the 
barrel  of  lime  should  also  be  used  about  two  barrels  of  water  and — as  we 
have  seen — upwardsof  two  bushels  of  hair  for  a  first  coat.  Hair  comes 
in  paper  bags  weighing  generally  something  under  eight  pounds  and 
containing  enough  hair  to  beat  up  into  a  measured  bushel.  This 
amount  of  material,  when  the  lime  has  been  slaked  and  the  whole 
mixed  together,  will  amount  to  S.'i  or  40  yanLs  (aliout  ."J  barrels)  of 
mortar;  and  the  amount  should  cover  alxnit  40  srjuarc  yards  of 
lathed  area,  requiring  about  000  lalhs  to  surface. 

The  final  skim  coat  is  mixed  roughly  to  the  following  proportions: 
A  cask  of  lime  to  a  half-tub  of  water,  which  should  take  up  about  a 
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barret  of  the  hard,  clean  sand  used  in  the  surface  coat.  It  should  be 
remembered  that  the  bulk  of  the  completed  mortar  mixture  does 
not  equal  the  total  combined  bulk  of  its  various  ingredients,  but  is 
less  than  the  aggregate  bulk  by  about  one-quarter. 

PLASTERING 

Interior  plastering  is  now  applied  either  in  two  or  in  three  coat- 
ings. Three  coats  are  always  necessary  on  metal  or  wire  lath,  the 
first  coat  being  required  to  stiffen  the  body  of  the  material  sufficiently 
to  allow  thorough  working  of  the  remaining  coats.  Even  upon  wood 
laths,  three  coats  make  a  better  job  of  plastering  than  two.  Extra 
strength  and  body  are  obtained  by  the  addition  of  the  extra  coat, 
provided  time  be  allowed  to  dry  out  each  of  the  coats  thoroughly 
before  the  next  coating  is  added.  It  has  now,  nevertheless,  become 
the  general  custom  to  employ  but  two  coats  on  the  less  expen^ve 
grades  of  residence  work. 

The  plaster  mortar  is  applied  to  the  walls  with  a  hand  trowel  of 
steel,  about  four  and  one-half  inches  wide  by  twelve  inches  long, 
having  a  wooden  handle  that  is  parallel  with  the  back  of  the  blade. 
After  the  mortar  is  put  on  and  roughly  smoothed  out  with  the  steel 
trowel,  the  darby,  a  long  wooden  trowel,  about  four  inches  wide  and 
three  feet  in  length,  is  taken  by  the  workman  and  used — ^with  a 
scouring  motion — to  level  the  plaster  surface  and  work  it  to  an  even 
thickness  and  uniform  density.  In  first-class  plastering,  all  surfaces 
are  trued  up  in  the  brown  coat  with  long  wood  straight  edges  in 
addition  to  using  the  darby.  The  straight  edges  are  run  back  and 
fortli  on  the  walls  between  the  wood  grounds  provided  by  the  car- 
penter, antl  on  plaster  screeds  formed  on  the  ceilings,  or  elsewhere 
where  the  wood  groinuls  are  insufficient  to  form  lines  for  the  finished 
surfaces,    Straight  edges  vary  from  6  to  10  feet  in  length. 

Three-Coat  Work.  The  best  interior  plaster  work  always  used 
to  l>c  put  on  in  tlirce  coats,  and  was  worked  to  a  final  thickness  of 
about  .-iox  on -eighths  of  an  hich.  Of  tlie  three  coatings,  the  first  is  the 
tliickost,  so  that,  when  dry,  it  may  lie  stn>ng  enough  to  resist  the 
I»rcssure  of  working  the  coat  or  atats  to  follow.  A  large  part  of  the 
advantugt^  of  tlirec-coat  plastering  is  obtjiined  by  thoroughly  drjing 
I'iU'h  (Hiat  out  Wfon>  applying  another,  thus  securing  the  added  dens- 
ity ami  aln-iigth  inailo  ixissible  by  forcing  the  subsequent  coatmg 
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firmly  and  strongly  against  the  surface  upon  which  it  is  being  placed. 
Rubbing  op  troweling  up  the  rough  mortar  before  it  finally  dries  and 
sets,  also  makes  it  much  more  compact  than  is  possible  from  working 
it  at  the  time  when  it  is  first  applied. 

The  first  coat,  called  the  scratch  cooi,  contains  the  greatest  pro- 
portion of  hair,  that  being  useful  in  strengthening  the  key  or  clinch 
of  the  plaster  behind  the  edges  of  the  wooden  laths,  through  tlie 
crevices  between  which  it  has  been  forced.  Before  this  coat  thoroughly 
dries,  the  surface  is  scratched  (hence  its  name)  with  a  tool  designed  for 
that  purpose.  The  surface  of  the  second  coat  also  is  sometimes 
scratched  with  nails  set  into  a  wooden  float  or  darby  like  that  used 
to  rub  over  the  surface,  before  adding  the  finish  coat.  When  one 
coat  is  entirely  dried  out  before  another  is  applied,  this  scratching 
is  always  necessarj',  the  scratches  forming  a  clinch  or  tie  permitting 
the  subsequent  coat  to  unite  the  more  firmly  to  the  preceding. 

The  second  coat  generally  contains  a  larger  proportion  of  sand 
and  much  less  hair  than  is  necessary  in  the  first  coat.  The  surface 
of  this  second  coat — or  brou-n  coat,  as  it  is  called^must  be  brought 
up  true  and  even,  especially  at  all  angles,  and  be  plumb  upon  the 
walls.  To  secure  this  result  it  is  necessary  to  use  straight  edges  to 
true  up  all  surfaces.  Before  the  finishing  coat  is  applied,  lumps 
must  be  removed  and  all  other  imperfections  corrected,  and  the 
mortar  must  become  sufficiently  set  to  allow  the  entire  surface  to  be 
rubbed  up  with  a  float  or  darby  and  so  made  compact  and  firm. 

To  save  time,  the  plasterer  adopted  the  custom  of  putting  his 
second  coat  on  over  the  first  while  the  latter  was  still  green.  The 
combined  mass  was  then  darbied  and  treated  the  same  as  in  two-coat 
work,  over  which  about  the  only  advantage  of  this  method  was  in 
providing  a  rougher  sand  surface  on  the  second  coat  than  was  possi- 
ble when  more  hair  (always  necessary  in  first  coat)  was  included. 
Otherwise,  substantially  the  same  results  as  are  secured  by  thus 
working  two  coats  together  are  obtained  in  the  first  coat  of  ordinary 
two-coat  work,  at  a  saving  of  both  tabor  and  time.  While  this 
method  does  not  furnish  so  good  or  so  permanent  a  job  of  plastering, 
it  is  modernly  considered  as  meeting  the  requirements  of  three-coat 
work,  when  so  specified. 

The  saving  in  this  sort  of  three-coat  plastering  is  made  chiefly 
by  the  plasterer,  in  the  expense  of  doing  his  work.    The  owner  pays 
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more  money  than  a  two-coat  job  would  cost  him,  and  actually  receives 
substantially  the  same  grade  of  work.  The  second  coat,  too,  dries 
more  slowly  when  applied  before  the  first  coat  is  dry  and  hard,  and 
there  is  therefore  not  so  much  saving  in  time  as  is  generally  believed. 
If  three-coat  work  is  attempted  at  all,  it  should  be  in^sted  that  the 
first  coat  be  thoroughly  dry  before  the  second  is  added. 

The  final  coat  b  generally  composed  of  lime  putty,  with  a  small 
proportion  of  white,  clean  sand,  gauged  with  plaster  of  Paris.  This 
gWes  the  whitest  finished  surface.  If  a  color  is  considered  desirable, 
a  colored  sand  may  be  used.  All  lath  cracks  or  settlement  cracJis 
occurring  in  the  previous  coats  should  be  cut  out  and  patched  before 
the  last  coat  is  applied.  The  final  coat  is  about  one-eighth  of  an  indi 
thick,  and  the  surface  is  burnished  with  the  steel  trowel  to  an  even 
and  straight  surface,  and  worked  sufficiently  to  free  it  from  chip 
cracks  or  other  surface  defects.  The  lime  for  the  white  finish  mortar 
should  be  run  through  a  sie\-e  of  not  less  than  ten  meshes  to  the  inch. 

From  thus  combining  the  first  two  coats  when  green,  the  next 
step  naturally,  in  the  development  of  methods  of  work,  was  to  apply 
but  one  coat,  making  it  of  increased  thickness,  and  scratching  it 
ready  to  receive  the  finish  skim  or  white  coat,  except  when  it  was 
desirable  to  finish  the  plaster  with  a  rough  surface,  or  to  aand-acour 
it,  as  the  last  process  is  sometimes  called. 

Rough  Plaster  Finish.  If  the  mortar  is  to  be  finished  with  a 
sand  or  rough  finish,  two  coats  are  applied. 

The  second  coat — which  should  be  put  on  only  after  the  first  is 
thoroughly  drj- — is  substantially  the  same  as  the  bro«-n  coat  described 
above,  the  rough  finish  being  secured  by  working  the  surface  of  the 
'second  coat,  before  it  dries,  with  a  soft-faced  float  and  a  mixture  of 
sand  with  some  lime  added.  Sometimes  the  surface  of  the  float  is  of 
carpet  or  felt,  sometimes  of  cork  or  other  soft  wood.  Only  so  large 
a  surface  as  may  be  readily  covered  at  one  time,  can  be  floated, 
darbied,  etc.,  before  it  has  time  to  set.  In  this  case  no  hair  whatso- 
ever is  put  in  the  second  coat,  as  the  hair  destroys  the  evenness  of 
the  surface  that  is  obtaintxl  by  tlie  scuuring  action  of  the  particles 
uf  sand  rolling  anmnd  between  the  surface  of  the  float  and  the  face 
of  the  phistiT.  A  lung  float  is  generally  uswl  fur  scouring,  and  the 
surface  is  worked  to  an  even  and  true  face,  care  Ixring  taken  not  to 
leave  any  marks  from  the  instrument  itself. 
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While  it  is  generally  the  custom  to  add  rough  plaster  finish  on  the 
second  coat,  in  inexpensive  work,  especially  for  summer  residences, 
a  very  artistic  effect  can  be  obtained  by  rough-working  the  surface  of 
the  first  coat.  If  one-coat  finish  is  employed,  hair  must  be  used,  and 
the  consistency  of  the  coat  must  remain  much  the  same,  whether  it  is 
surface-finished  or  not.  In  that  case,  however,  it  is  not  possible  to 
work  the  surface  as  true  and  as  even  as  the  surface  of  a  second  coat, 

Two-Coat  Work.  Most  plaster  work  now  consists  of  only  two 
coats.  The  brown  mortar  employed  for  the  first  coat  should  be  made 
of  fresh  lime  used  as  soon  as  it  is  stlif  enough  to  be  worked,  with 
strong,  well-distributed  cattle  hau-  and  coarse,  clean  sand.  The 
first  coat  of  mortar  must  always  be  put  on  with  sufiicient  pressure 
to  force  the  plaster  through  between  the  laths,  and  so  ensure  a  good 
clinch.  The  face  of  this  coat  must  be  made  as  true  and  even  as  pos- 
sible on  surfaces  and  angles,  and  plumb  on  the  walls.  After  the  first 
coat  is  sufficiently  set,  it  may  be  worked  again  with  a  float  consisting 
of  a  piece  of  hard  pine  about  the  size  of  the  trowel.  Sometimes  the 
face  of  this  float  b  covered  with  felt  or  other  material  to  produce  a 
rough  textural  treatment  on  the  plaster  surface.  The  first  coat 
should  run  a  strong  one-half  inch  in  thickness  measured  from  the 
outer  surface  of  the  laths  and  should  be  thoroughly  dried  out. 

It  b  generally  inadvisable  to  attempt  to  trowel  a  two-coat  job 
very  smoothly.  If  the  attempt  is  made  to  float  the  first  coat  when  it 
b  too  thin  or  Insufficiently  set,  the  instrument  is  likely  to  leave  marks 
on  the  wall,  and  the  plastering  is  itself  likely  to  crack.  It  is  better  to 
err  on  the  side  of  caution,  as,  if  the  plaster  has  become  slightly  too 
dry,  it  may  easily  be  dampened  by  sprinkling  water  upon  it  with  the 
plasterer's  broad  calcimine  brush  and  following  it  immediately  with 
the  float.  The  use  of  water  in  this  way  has  accompanying  advan- 
tages in  that  it  tends  to  harden  the  plastering  and  to  prevent  the  hairs 
gathering  along  the  edge  of  the  float,  when  otherwise  they  would 
have  to  he  shaken  off  every  few  moments  to  prevent  their  rolling 
under  the  instrument  and  being  pressed  into  the  surface  of  the 
plaster  in  tufts  and  rolls,  in  such  a  way  as  to  show  through  even 
the  finbh  coat. 

Care  should  be  taken  to  see  that  each  coat  invariably  is  abso- 
lutely dry  and  hard  before  the  addition  of  another  coat  is  attempted. 
Otherwise  the  later  coat  will  fall  off,  in  greater  or  less  part,  and  it  will 
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be  quite  impossible  ever  to  obtain  a  good  surface  finish;  while,  if  it 
should  happen  that  the  first  coat  is  only  partially  drj'  when  the  see- 
i)nd  is  applied,  it  will  be  seriously  injured  by  the  pressure  brought 
upon  it  when  floating.  Its  clinch  to  the  lath  is  thus  often  partially 
(ir  wholly  broken,  sometimes  the  plaster  falling  entirely  off,  leaving 
the  laths  exjjosed. 

The  finish  second  coat  in  two-coat  work  is  the  same  as  the  final 
skim  coat  in  three-coat  work. 

The  Finish  Coat.  The  finish,  skim,  or  irhite  coat  should  never  be 
applied  until  the  earlier  coat  or  coats  are  thoroughly  dry  and  hard,  as 
it  is  liable  to  crack  if  put  on  before — quite  aside  from  the  possible 
danger  of  injuring  the  first-coat  work  by  the  pressure  of  troweling 
l)efore  it  is  entirely  dry  and  set.  A  simple  putty  coat  should  carry 
more  sand  than  when  the  finish  is  hardened  by  the  addition  of  plaster 
of  Paris.  If  plaster  of  Paris  is  used,  the  mortar  should  always  be 
gauged  (that  is,  plaster  of  Paris  should  be  mixed  with  the  putty)  after 
it  is  placed  on  the  mortar-board.  The  usual  process  of  gauging 
consists  in  making  a  hollow  with  the  trowel  in  the  midst  of  the  pile 
of  lime  putty  lying  upon  the  mortar-board.  This  hollow  is  filled 
with  water,  and  the  plaster  of  Paris  sprinkled  upon  it,  the  whole 
then  being  mixed  rapidly  with  the  trowel  and  put  upon  the  wall 
immediately,  before  the  ])laster  has  time  to  set.  The  proportion  of 
lime  and  plaster  of  Paris,  while  variable,  averages  probably  on^ 
fourth  to  one-fifth  plaster  of  Paris. 

The  finish  is  skimmed  in  a  very  thin  coating  that  is  generally 
less  than  one-eighth  of  an  inch  in  thickness.  It  is  immediately 
troweie<l  several  times,  dampened  with  a  wet  brush,  and  thoroughly 
troweled  to  smooth  up  the  surface  and  prevent  it  from  chipping  or 
cracking.  The  water  prevents  the  steel  trowel  staining  the  surface, 
but  the  plaster  should  not  be  too  wet,  as  it  will  then  blister  or  peel, 
The  whole  surface  of  the  finish  coat,  whether  of  putty  or  hard  finish, 
should  finally  be  bruslie*!  o\cr  once  or  twice  with  a  wet  brush;  while, 
if  a  polished  {or  buffed)  siirface  is  required,  it  may  be  gained  by 
brushing — without  dipping  the  brush  into  the  water  — until  a  glossy 
surface  is  obtained. 

Especial  care  should  be  taken,  in  the  final  coat,  to  finish  all 
joints  smoothly  and  e\'enly  so  that  the  point  of  jointure  will  not  be 
apparent.    The  ceilhigs  are  completed  first;  then  the  upper  part  of 
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the  wall;  and  lastly  the  bottom  portions  which  can  be  reached  from 
the  floor  and  thus  more  carefully  finished  up  to  the  joint. 

The  plasterer  generally  scaffolds  the  room  with  boards  at  a 
sufficient  height  to  enable  him  easily  to  reach  the  ceiling  overhead 
without  raising  his  arms  too  high  to  work  each  of  the  coats  evenly. 
The  plaster  is  applied  on  the  upper  part  of  the  walls  from  the  same 
scaffolding,  and  the  remainder  of  the  work  is  completed  from  the 
floor.  If  too  much  time  elapses  in  joining  the  coats  at  this  point,  the 
joint  is  likely  to  show— which  is,  of  course,  not  serious  unless  the  walls 
are  to  be  left  untreated.  Occasionally  two  men  working  along 
together,  one  on  the  scaffolding  and  one  on  the  floor,  finish  the  walls 
at  the  same  time. 

As  the  scratch  coat  is  used  principally  to  insure  a  clinch  back 
of  the  lath  and  to  provide  a  surface  to  receive  the  brown  coat,  if 
plaster  is  applied  on  a  stone  or  brick  wall  or  on  tile,  a  scratch  coat 
is  seldom  necessary ;  and  the  coat  of  brown  mortar  is  very  often  used 
without  hair  and  of  about  the  composition  of  brick  mason's  mortar. 
If  a  scratch  coat  is  used  under  these  conditions,  it  is  generally  mixed 
with  more  sand  and  less  hair  than  when  put  upon  laths. 

For  a  finish  where  plaster  mouldings  are  to  be  used,  or  when  for 
any  purpose  an  unusually  straight,  level,  and  plumb  surface  of  plaster 
is  required,  three-coat  work,  put  on  in  the  old-fashioned  manner  and 
trued  up  with  straight  edges,  should  be  demanded.  This  is  neces- 
sary in  order  to  get  a  surface  sufficiently  level  and  true  to  run  plaster 
mouldings  evenly,  and  to  avoid  the  inequalities  that  are  almost 
certain  to  occur  in  all  two-coat  plastering. 

The  second  and  third  coats  allow  opportunities  to  obtain  a 
straight  and  level  plaster  surface.  Individual  spots  are  brought  up 
to  an  even  surface,  the  plaster  then  being  added  and  carefully  worked 
between  and  amongst  them,  bringing  it  all  to  the  same  face  by  means 
of  the  straight  edge.  Occasionally  it  happens  that  the  rough  coat  is 
so  uneven  that  some  filling  in  is  absolutely  necessary  to  make  the 
wall  sufficiently  even  to  receive  the  last  coat.  In  that  case,  a  mix- 
ture of  half  plaster  and  half  putty  may  be  used  in  leveling  up  the 
rough  work.  If  no  finish  coat  is  to  be  put  on,  the  surface  should  be 
troweled  smoothly  as  the  mortar  is  applied,  care  being  taken  to  leave 
no  marks,  hollows,  or  uneven  places;  but  if  the  wall  is  to  be  finished 
or  frescoed,  it  should  be  left  with  a  floated  surface. 
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Patent  Plasters.  Patent  plasters,  such  as  adamant,  etc.,  are  not 
often  employed  for  private  dwellings,  being  chiefly  suitable  for  mer- 
cantile purposes.  The  patent  plaster  has  certain  advantages  that  are 
self-evident — such  as  quick  drying  and  hardening.  Ita  surface 
hardens  more  quickly  an<l  resists  abrasure  longer  than  the  ordinal^' 
lime  plastering.  However,  a  break  once  occurring,  the  extreme  stiff- 
ness of  the  mixture  makes  it  liable  to  extend  further  and  to  be  of  a 
more  serious  nature  than  if  the  softer,  more  flexible  lime  plaster  cov- 
ering had  been  injured  in  the  same  manner. 

The  extra  stiffness  of  most  patent  plasters  is  caused  by  the 
cement  that  generally  forms  an  important  part  of  their  composition. 
These  plasters  are  sold  ready  for  use,  requiring  merely  the  addition  of 
a  sufficient  amount  of  water.  They  are  therefore  especially  adapted 
for  use  by  the  inexperienced,  and  are  valuable  for  executing  small 
pieces  of  work,  as  they  do  not  present  the  liabilities  to  failure,  or  loss 
of  time  and  delay,  occasioned  by  mixing  up  batches  of  lime  mortar. 
On  account  of  the  quick  setting  properties  of  patent  plasters,  it  is 
inadvisable  to  use  them  on  wood  lath,  as  the  subsequent  dr\ing  and 
shrinkage  of  the  lath  will  almost  invariably  cause  cracking  of  the 
plaster 

Back  Plastering.  Occasionally  a  wood-frametl  house  is  back- 
plastered  for  warmth.  This  process  consists  in  nailing  a  strip  of 
seven-eighths  inch  furring  against  the  inside  of  the  boarding  on  each 
side  of  the  studs.  The  space  between  the  studding  is  then  lathed 
(of  necessity  a  slow  and  bothersome  job)  and  plastered  one  rough 
coat  of  hair  mortar,  which  should  be  allowed  to  dry  before  any  lathing 
is  placed  o^er  it  on  the  inside  face  of  the  studding.  As  a  matter  of 
practice,  the  efficiency  of  back  plaster  is  much  injured  by  the  fact 
that  the  studding,  in  seasoning  after  tlie  plaster  is  set,  is  likely  to 
shrink  awa\'  from  the  pla:^ter,  lea\iiig  a  narrow  perpendicular  crack 
on  each  side  of  the  stud,  which  permits  of  the  passage  of  cold  air. 

Plaster  Cracks.  Cracks  in  plaster  occur  from  several  causes. 
If  the  <listance  between  the  ends  of  the  laths,  where  they  join  on  the 
studding  or  furring,  is  too  great,  the  larger  amount  of  plaster  in  that 
jjhice,  when  drying  nut,  may  cause  a  short  crack.  Any  such  spaces 
should,  however,  lie  filled  by  the  lather  before  plastering  is  begun. 
Sometimes,  too,  especially  in  the  first  cwits.  cracks  are  caused  by  the 
shrinkage  or  expansion  of  the  wooden  laths  after  the  mortar  baa 
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wliolly  or  partially  stt.  The  rt'siilt  is  ii  series  of  narrow  cracks  parallel 
to  ciii'li  other  aiitl  the  width  of  the  laths  apart,  LaJh  crackn  are  orili- 
niirily  filled  in  and  ci>vered  up  by  later  coats,  and  so  do  not  often  appear 
in  the  finished  plastering.  They  may,  too,  be  worked  out  when  float- 
ing up  the  eoat  liefore  it  finally  sets.  If  wide  or  deep,  however,  they 
should  be  cut  out  to  a  width  of  an  inch  or  so,  and  filled  in  with  new 
mortar  before  adding  the  last  coat. 

Cracks  of  a  like  appearance  are  sometimes  caused  by  the  rough 
mortar  being  too  rich,  or  by  draughts  of  air  from  open  doors  or  win- 
dows drying  out  portions  of  the  plastering  too  quickly.  The  too 
rapid  drying  of  plaster  with  stoves  or  salamanders,  often  produres  a 
like  result  from  similar  causes.  An  experienced  plasterer  should  be 
able  to  determine  the  responsible  cause  and  take  measures  accordingly, 
using  more  sand  if  the  mortar  is  too  rich,  screening  openings  to  prevent 
draughts,  and  using  less  fire  in  his  drying  stoves.  In  green  work, 
damage  already  done  may  be  repaircfl  by  refloating  again  before  the 
work  becomes  too  dry,  softening  the  mortar  with  water  if  necessary. 

Cracks  sometimes  occur  in  the  angles  at  the  ceiling  or  comers  of 
the  room.  When  in  this  ligation,  they  may  be  cau.Hed  hy  the  shrinkage 
or  settlement  of  the  partition  or  floor.  In  the  perpendicular  angles, 
especially,  they  may  extend  only  to  the  depth  of  the  finishing  eoats. 
In  that  ease,  the  causes  are  likely  to  be  either  too  thick  plaster,  insuffi- 
cient troweling,  or  an  insufficient  amount  of  plaster  in  the  gauged 
Coat — causes  which  are  easily  remedied  in  the  remainder  of  the  work. 

Cracks  running  diagonally  across  a  partition,  or  radiating  from 
the  comers^of  doors  and  window  openings,  are  cause<l  by  the  unequal 
settlement  or  shrinkage  of  the  building.  They  frequently  occur  at  a 
perpendicular  angle  wliero  a  wood  partition  is  brought  up  against  a 
brick  wall,  or  at  the  ceiling  line  wliere  a  woo<lcn  floor  comes  up  against 
a  brick  supporting  wall. 

Cracks  occur  in  the  final  finish  when  the  putty  is  not  gauged 
enougit  or  not  tnnvi-led  or  brushed  enough,  when  it  is  put  on  too  thick, 
and  when  too  little  sand  has  been  used.  These  cracks  are  called 
chipped  crocks.  Pla,ster,  wlicn  apparently  perfect  and  without  cracks, 
will  sometimes  cnimble,  either  frtim  too  rapid  drj'ing  or  from  the  use 
of  too  much  sand.  Either  too  much  or  too  little  sand  materially 
injures  the  strength  of  mortar. 
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If  unclean  sand,  dirt,  or  clay  has  become  mixed  with  the  mortar, 
it  not  only  weakens  the  lime  but  prevents  its  adhesion  to  the  sand 
particles,  so  that  no  real  set  of  the  mortar  ever  occurs.  Of  course, 
at  all  times,  poor  materials — sand,  lime,  or  hair — may  be  responsible 
for  defects  in  plastering.  Plaster  occasionally  falls  oft  even  when 
apparently  hard  and  good,  if  the  laths  are  too  near  together,  if  there 
is  insufficient  hair,  if  the  mortar  is  too  rich  or  too  sandy,  or  if  it  had  not 
been  pressed  against  the  laths  with  suflicient  force  when  being  applied; 
or  it  may  become  loosenfnl  by  the  springing  of  the  laths  under  the 
pressure  of  floating  it  too  hanl.  On  brickwork  the  mortar  requires 
considerable  more  san<l  than  for  a[>plication  on  laths. 

Lime  must  have  time  to  set  before  it  dries  out.  Therefore,  to 
last  well,  it  should  drj-  slowly.  A  stiffer  working  mortar  makes  better 
and  harder  plaster  than  thin  or  wet  material,  provided,  of  course,  it 
is  thin  enough  to  clinch  well  to  the  lath  in  first-coat  work,  or  to  adhere 
to  brick  and  dry  scratdie^I  surfaces,  and  to  spread  evenly,  in  second- 
coat  work.  Stiffer  mortar  can  safely  be  applied  upon  wet  mortar 
than  on  dry;  and  wide-spaced  lathing  will  take  stiffer  mortar  than 
clo.se-laid  latiis.  \\'hen  two  coats  of  mortar  have  been  put  on,  and 
the  last  coat  falls  from  the  first,  it  is  generally  because  the  first  coat 
was  not  wholly  dry  when  the  second  was  applied.  The  coats  must 
either  be  entirely  <ir\'  or  quite  green  to  be  successfully  combined. 

If  possible,  it  is  better  to  have  the  workman  use  makes  of  materials, 
especiiilly  lime,  having  those  properties  with  which  he  is  acquainted. 
Attention  has  already  i>een  called  to  the  fact  that  different  makes  of 
lime  \!iry  coiisiiierably  in  their  chemical  composition.  It  is  not  even 
certain  that  lime  of  the  same  make  will  always  run  even  in  production, 
year  after  year.  Of  course,  lime  that  has  been  slaked  by  exposure 
to  air  or  water  while  in  the  barrel,  and  before  it  is  used,  is  worthless. 
As  this  oceasi<)naiIy  hji[ip<'ns,  it  is  well  to  be  watchful  and  see  that 
such  bad  material  is  never  added  t"  the  plaster  lied. 

As  a  final  wjiriiin{i;.  W  certain  Uiat  the  last  coat  of  plaster  has 
driixl  out  hard  and  stnmt;  liefure  any  woml  finish  is  installed,  as  other- 
wise the  wood  will  absoH)  llie  moisture  from  the  plaster,  causing  it  to 
swell  anil  llieii'fon^  opeiiirif^  iTacks  that  are  never  likely  after«-ard 
to  be  allogetluT  clase,l.  All  w-.od  finish  should  also  Ih-  kept  nut  of  the 
hou.se  while  pla.iterinf;  is  yoi'in  ""■  "■"'  ^^  ^^'''^  abs<iri)  moisture  from  the 
air  anniiid  it.     The  rea.sou  lliut  sash  are  not  onlinarilv  .set  until  after 
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the  plastering  is  finished,  is  because  they  absorb  so  much  of  the 
moisture  as  to  cause  the  sash  to  swell  in  place.  It  is  generally  con- 
sidered preferable  to  fill  the  window  openings  or  doors  with  screens 
of  cotton  cloth,  as  this  prevents  direct  draughts  and  still  allows  of  a 
circulation  of  air  that  dries  plastering  much  more  rapidly  than  artificial 
heat,  or  than  it  would  dry  if  these  openings  were  closed  by  solid  doors 
and  glazed  sash.  In  very  bad  weather  the  screen  of  cotton  may  be 
slightly  strengthened,  if  necessary,  by  the  application  of  a  coat  of  white- 
wash on  the  inner  side.  Contrary  to  what  might  be  supposed,  the  cloth 
window-screen  is  almost  as  good  a  protection  against  external  cold 
and  frost  as  is  the  glazed  window,  although  the  current  of  air  passing 
through  the  cloth  meshes  of  these  screens  into  and  out  of  the  house, 
causes  a  slight  loss  of  heat,  adding  somewhat  to  the  expense  far  fuel 
required  to  dry  out  a  plastered  building.  In  good  drying  weather, 
these  screens  should  be  taken  out  and  left  out  during  the  day,  but 
should  be  replaced  at  night  or  in  damp  weather,  when  the  plaster 
otherwise  is  likely  to  reabsorb  moisture  from  the  air  and  so  delay  the 
time  of  its  final  drying  out. 

If  avoidable,  the  artificial  drying  of  plaster  by  salamanders  should 
not  be  employed;  natural  drying  by  sun  and  air  is,  under  all  circum- 
stances, preferable.  The  salamander  not  only  dries  the  room  in  which 
it  is  placed,  too  quickly — especially  the  ceiling  above — but  fills  the  air 
and  the  plaster  itself  with  gas  fumes,  and,  by  steaming,  is  frequently 
the  cause  of  the  rotting  of  plaster  or  hair,  thus  reducing  its  vitality 
and  life.  Heating  a  house  to  dry  out  the  plaster  by  means  of  the 
r^ularly  instal'ed  heating  plant,  is  preferable  to  the  use  of  salamanders, 
the  chief  objection  in  this  case  being  occasioned  by  the  unduly  rapid 
drying-out  of  wall  plaster  hack  of  or  above  registers  and  radiators. 
The  situation  is  helped  if  the  radiator  is  set  out  from  the  wall  and  some 
screen  is  placed  between  it  and  the  plaster.  A  screen  may  also  be 
employed  against  the  wall  over  a  hot-air  register;  but  there  is  no 
means  of  protecting  the  plaster  on  either  side  of  a  partition  through 
which  a  hot-air  or  steam  pipe  passes.  Such  plaster  is  bound  to  be 
severely  strained  by  being  dried  too  quickly. 

If  plaster  is  frozen  when  wet,  it  is  likely  to  loosen  up  and  injure 
the  whole  mass  so  that  it  may  eventually  fall  off.  Tlie  effects  of 
freezing  are  less  troublesome  if  the  wall  is  frozen  after  it  is  dried  and 
has  once  set.     If  only  slightly  frosted,  and  thawed  immediately  and 
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floated  again,  it  may  often  I)e  saveti,  the  effect  in  that  case  being  not 
much  different  from  what  it  would  be  if  the  wall  had  been  surface- 
moistened  and  refloated. 

Plaster  Moulding.  Plaster  mouldinf^s  upon  ceilings  and  walls 
arc  less  fre<iiK'iilly  employed  now  than  a  few  years  ago,  when,  espe- 
cially at  the  intersection  of  wall  an<l  ceiling,  a  heavy  cornice  of  plaster 
was  the  common  mcthwl  of  finish.  Nowadays  a  cornice  of  wood  is 
more  commonly  nsed. 

Briefly  described,  the  running  of  a  moulded  plaster  cornice  is 
as  follows:  Two  parallel  strips,  or  screeds,  of  plaster,  are  run  on  the 
ceiling  and  the  si<le  wall,  with  their  nearer  edges  evenly  straightened. 
These  edges  are  then  fitted  to  the  mould — a  piece  of  metal  cut  out 
to  a  reversed  section  of  the  cornice  outline.  The  mould  is  run  along 
the  strips  fastene<l  to  the  wall  for  guiding  it,  the  lower  edge  being 
cut  out  and  fitted  to  run  upon  them. 

The  [ila.sfer  necessary  to  fill  up  the  mouldings  of  the  cornice  may 
be  tied  back  to  the  will!  and  ceiling  by  rows  of  nails  driven  so  as  to 
stand  at  alnrnt  the  location  of  its  greatest  thickness;  while  a  strip  of 
metal  lath,  tilling  in  the  angle  uiMin  projecting  furrings,  will  offer  the 
best  ]Kj.s,silile  clinch,  and  will  help  to  reduce  the  thickness  of  the 
plaster  and  render  its  drying  and  shrinkage  more  equable  and  its  sui^ 
face  less  likely  to  crack. 

AYhen  all  is  ready,  enough  putty  and  plaster  are  gauge<l  hi  about 
c<|ual  parts  to  run  the  cornice  down  the  length  of  one  si<le  of  the  room. 
'i"he  moulding  form  is  then  resUil  ujion  the  supporting  and  guiding 
-strip  agiiiiist  the  wall,  and  drawn  along  from  right  to  left,  pressed 
against  the  mass  of  mortar  which  is  thmwn  into  the  angle  just  ahead 
of  it  by  the  trowel,  the  s|)aee  inimcihately  in  fnmt  of  the  moulded  strip 
being  kept  suilieienlly  full  of  plaster  mortar  to  fill  out  the  moulding 
cntin-ly  at  all  limes.  When  the  length  is  completed,  or  the  gauge*! 
material  is  u.sed  up,  the  mould  is  moved  hack  and  forth  along  the 
length  of  cDrnire  that  has  just  hecii  ran,  scraping  away  all  the  plaster 
except  (hat  ineluded  wilhiii  the  oiitlineof  the  inouI<l. 

When-  hollr.ws  occur,  the  gaugnl  nialerial  senipe.1  off  by  the 
numid  should  a(  once  I.e  thi-own  on  again  at  these  plac-es,  so  thav  they 
may  !>e  imrne<liate!y  lillcil  and  brought  up  to  the  right  section  outline 
by  again  ruiniing  Ihe  numhl  over  these  jjortions.  The  gauged  putty 
will  set  in  a  few  moments,  and  each  side  of  llie  nntm  or  section  of  the 
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moulding  must  be  run  and  completed  or  filled  ont  very  rapidly.  The 
comers  at  the  angles  of  the  room  may  be  filled  in  by  hand,  or  a  section 
of  the  mould  may  be  separately  run  upon  the  floor,  sawn  in  a  mitre 
box,  mitred  and  fitted  in  place  upon  the  wall,  the  joint  between  the 
cast  and  run  moulding  being  then  carefully  patched  and  evened  off. 

The  extra  amount  of  plaster  included  in  the  thickness  of  extreme 
projecting  mouldings  is  the  cause  of  occasional  .surface  cracking;  while 
other  cracks  are  occasioned  by  the  settlement,  shrinkage,  and  move 
ment  of  the  house  frame.  For  these  and  other  reasons,  it  is  now  gen- 
erally considered  that  a  wooden  cornice,  despite  its  defects  of  shrink- 
age, is  better  suited  than  plaster  to  this  purpose. 

Finally,  the  moulding  may  be  sprinkled  with  the  brush  and  the 
mould  may  be  run  over  it  several  times  more,  ending  by  fiinshmg 
with  a  brush  so  as  to  give  the  moulding  a  gloss  just  as  on  the  wall 
plastering.  TTie  same  proccs-s  is  repeated  for  different  kinds  of  plas- 
ter moulding,  merely  varying  the  methtMl  to  provide  for  the  different 
conditions  set  by  circumstances,  a  circular  moulding  around  the 
lighting  outlet  in  the  middle  of  the  room,  for  instance,  being  swung 
from  a  peg  driven  into  the  center  of  the  gas  pipe  or  outlet  1m>s.  Other 
kinds  of  plaster  mouldings  are  run  by  unimportant  variations  of  the 
processes  describetl. 

Cast  ornaments  are  made  separately  in  mould.s,  into  which  the 
plaster  is  poured.  Most  of  these  .separate  moulds  are  made  of  plaster 
hardened  with  glue  or  shellac,  or  surfaced  with  bee.swax,  and  arc 
generally  oiled  before  being  used.  Plaster  ornaments  are  fastened  in 
place  with  fresh  plaster  or  glue;  occasionally  a  few  screws  are  used, 
in  which  case  the  heads  should  be  countersunk  and  covered  in  with 
plaster  so  as  not  ti>  show. 

EXTERIOR   PLASTERING 

Although  exterior  plaster  surfacing  for  dweilinfjs  ha.s  been  in  use 
in  Europe  for  many  years,  it  has  but  recently  met  with  favor  in  tiiis 
country.  In  Italy,  plaster,  or  stucco,  applied  in  lari^-,  unbmken 
expanses  upon  a  stone  or  brick  building,  has  long  Im'cii  a  favorite 
method  of  construction.  Krcipicntly,  ton,  this  plaster  surface  is 
stained  or  colored  and  workeil  up  into diff<r-,nl <'csigns.  In  England, 
France,  and  Germany,  plaster  has  Utii  more  frec|uently  usctl  in  con- 
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nection  with  a  half-timbered  frame,  although  these  countries  also 
contain  instances  of  its  use  in  large,  unbroken,  simple  surfaces. 

In  modem  American  work,  it  is  not  often  that  a  brick  wall  is 
covered  with  plaster,  as  the  aesthetic  possibilities  in  the  use  of  rough 
hard-burnt  brickwork  have  now  long  been  recognized ;  and  when 
this — the  cheapest  brick-building  material — is  employed  upon  a 
dwelling,  it  is  itself  utilized  for  the  exterior  surface  and  to  obtain  the 
exterior  effect  of  the  structure. 

Plaster  has  been  used  in  this  country  in  imitation  timbered  houses 
for  some  years;  but  recently  its  employment  in  large,  simple  surfaces, 
unbroken  by  the  cross-barring  strips  of  dark  wood,  has  become  popular 
— a  treatment  much  more  appropriate  to  this  country.  We  also 
possess  some  examples  of  brick  and  stone  houses,  two  hundred  years 
old  or  thereabouts,  that  were  covered  and  surfaced  with  white  plaster- 
ing; liut  in  the  most  recent  of  American  plastered  dwellings,  this  effect 
has  been  simulated  by  applying  the  plaster  to  a  wooden  frame  lathed 
with  a  fine-meshed  wire  cloth. 

In  any  plastered  building,  the  cornices  should  be  projected 
sufficiently  far  to  protect  the  walls  and  all  exposed  upper  surfaces  of 
the  plastering.  The  farther  this  projection,  the  more  certain  the 
safety  of  the  plaster,  especially  in  the  northern  sections  of  the 
country- 

The  essentials  for  successfully-wearing  exterior  plaster  applied 
in  modem  fashion,  are:  A  well-seasoned,  shrunk,  and  settled  frame; 
a  solid,  immovable  foundation;  and  a  carefully  applied  and  thoroughly 
worked  job  of  plastering.  Tlie  framework  should  l>e  somewhat  better 
constructed  and  more  carefully  arranged  to  prevent  movement  or 
settlement  than  (m  an  all-wooden  building.  Other  than  this,  the 
dwelling  to  he  plastered  out.side  does  not  differ,  in  iiny  part,  from  the 
ordinarj'  hou.se,  until  the  structure  has  been  fnime<l  and  boarded  in. 
For  plastering,  the  boarding  is  then  covcrcil  with  a  slightly  better  and 
more  waterproof  grade  of  paper  than  if  shingling  or  clapboarding 
were  intended.  Outside  of  this  [);iperi(ig,  the  house  is  furretl  with 
strips  of  furring,  seven-eight  I  is  of  iui  iiieh  thick  by  one  and  one-eighth 
to  one  and  onc-quartor  inches  wide  (for  metal  hilhing  they  are  to  l)e 
placeil  nine  inches  apart,  for  wood  laths  twelve  inches,  on  centers), 
and  the  lathing  is  applie<l  upon  these  .'Strips. 
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METAL  LATH 

The  best  lath  for  exterior  plastering  is  probably  No.  18  gauge 
wire  cloth  with  a  ^-inch  square  mesh.  The  wire  is  sufficiently  large 
to  be  durable,  and  the  mesh  sufficiently  open  to  allow  the  mortar  to 
press  through  and  completely  fill  and  close  in  over  the  back  of  the 
wire,  thus  protecting  it  from  exposure  to  the  elements  or  damage 
from  water  and  rust,  even  if  the  plaster  surface  should  leak  sufficiently 
to  admit  water  behind  this  covering.  Expanded  metal  is  also  used 
for  this  purpose,  but  it  is  not  generally  considered  so  good  a  material, 
from  the  fact  that  it  is  impossible  to  cover  entirely  and  protect  the 
back  of  this  lath  with  plastering,  and  therefore  there  is  no  means  of 
certainly  protecting  it  from  the  possibility  of  rusting. 

Occasionally,  on  a  small,  low  house  of  not  over  a  story  and  a 
half  of  wall  height,  the  boarding  may  be  omitted  altogether.  The 
metal  lath  is  then  placed  directly  upon  the  furred  studs,  and  plastered 
both  outside  and  in  to  insure  its  absolute  protection  from  damage 
by  water.  However,  the  shrinking  of  the  studs  opens  a  small  crevice 
along  each  side — which  has  already  been  mentioned  as  occurring  in 
back  plastering — and  it  is  thus  possible  that  water  may  enter  from 
the  back  and  do  considerable  damage,  even  through  the  narrow 
space  that  this  shrinkage  provides.  The  omission  of  the  outer 
hoarding  also  somewhat  injures  the  stifTness  of  the  hoUse,  as  a  frame 
constructed  in  this  way  is  not  so  well  braced  as  when  the  boarding 
is  applied.  Neither  are  the  dwellers  in  the  house  so  completely 
protected  from  the  exterior  weather,  as  the  second  air-space  obtained 
between  the  papering  and  the  exterior  plastering  is  lost.  This  extra 
air-space  is  of  assistance  in  keeping  the  house  more  equably  warm  in 
winter  and  cool  in  summer. 

In  the  use  of  metal  lath,  it  is  always  to  be  remembered  that  the 
absolute  essential  is  to  protect  the  lath  from  the  action  of  water  and 
rust.  In  all  cases  the  lath  should  be  galvanized  or  thoroughly  coated 
with  a  waterproof  paint  or  compound.  This  once  done,  a  permanent 
plaster  surface  is  ensured.  Sometimes  the  metal  lath  is  wired  and  fast- 
ened to  perpendicular  iron  f  urrings  of  tee-irons  held  to  the  wood  frame 
withstaples,  allowing  any  possihiemovementof  the  frame  to  occur  with- 
out straining  the  plaster  siirfac-e,  which  is  by  tins  means  disassociated 
from,  while  directly  supported  by,  the  house  frame.  Cracks  around 
the  windows  and  the  angles  of  the  buildings  are  thus  prevented;  but 
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it  is  a  more  expensive  form  of  construction,  and  is  not  now  employed 
except  in  the  lai^r  and  mnre  expensive  residences. 

From  the  use  of  wire  lath,  there  are  occasionally  obtained  small 
surface  cracks,  especially  if  the  lath  joint  happens  to  come  at  a  place 
where  seme  strain  is  afterward  placed  upon  it,  and  |)articu!arly  where 
it  is  weakened  from  the  movement  of  adjacent  portions  of  the  build- 
ing. For  instance,  if  a  perpendicular  lath  lap  is  made  on  the  line  of 
the  etl{^  of  the  window  finish,  a  crack  on  tlic  line  of  this  joint  is  almost 
certain  fo  appear  in  the  ]>]aster,  extending  Ixith  alwve  and  below  the 
woo«l-surroimdcd  opening.  Care  should  be  taken  to  cut  the  strips  of 
lathing  so  that  the  joint  will  come  at  least  nine  or  ten  inches  on  either 
side  of  the  c<lge  of  the  window  or  door  finish.  All  furrings  should  also 
he  kept  away  and  Iwck  from  all  angles,  internal  or  external,  uiion  the 
walls,  so  that  a  certain  clinch  maj'  be  effected  by  the  plastering  at  these 
important  [joints. 

WOOD  LATH 

Wood  lalh  is  occasionally  used,  and.  In  certain  sections  of  the 
counlry,  apparently  with  giMHl  results.  It  may  l>e  cmploye*l  in  two 
way.s^onc,  in  the  oniinary  manner,  only  s|)ar-ing  the  laths  somewhat 
further  apart  than  would  he  advisable  on  the  interior  of  the  dwelling. 
'Hie  other  metliod  consists  in  laying  the  hitiis  diagonally  over  the 
building  in  such  a  maiuicr  as  to  form  a  criss-cmss  laltice-work.  In  this 
case  the  distance  between  the  laths  is  fnini  thrcc-<[uarters  to  .seven- 
eighths  of  an  inch,  so  as  fo  allow  the  |>laster  to  enter  easily  and  form  a 
soli(i  clinch  beiiind  these  lallicc  o[H'iiings.  The  purpose  of  the  diagonal 
cri.-w-enKss  lattice  is  to  pn)vidc  more  or  less  flexibility  for  the  wall 
covering,  .so  as  to  take  up,  williout  injuring  or  cnicking  the  plaster- 
ing, a  certain  amount  of  the  movement  lliat  may  always  be  expected 
in  a  wooden-framed  ilweliing.  This  method  of  employing  lath,  by  the 
way,  is  in  most  localities  almost  as  expensive  as  fhe  use  of  wire  or  metal 
lath,  which  is  pr«)bably  a  safer  and  surer  niateii:il  to  eni|iU)y.  As  large 
and  as  good  a  .juality'of  lieiivy  woo.!  lalh  as  can  be  Seconal,  should  1)0 
provided  fur  exterior  work.  I.atli  crai'ks  arc  mIso  then  to  be  expeeteii, 
from  the  same  reiisons  that  apply  to  interior  work;  while  (he  mortar 
shouici  be  s..mcwhat  .s<.ftcr  ;tnd  slower  drying  when  used  upon  this 
material  than  wheti  enipl'iycd  ii|M.n  a  inetid  surface. 

If  i>ossible,  it  i^  advisable  so  to  arrange  the  work  u])im  tUi^  house 
that,  after  the  compjelion  of  (he  frame,  some  time  will  stil!  elapse 


Digitized  by  VwjOOQIC 


PLASTERING.  29 

before  ihe  plaster  is  applied.  If  the  frame  can  be  boarded  in,  and 
the  interior  of  the  house  plastered  and  finished  under  artificial  heat 
during  the  winter,  and  the  exterior  piaster  atkled  in  the  spring,  prob- 
ably the  best  results  are  to  be  expected.  Opportunity  is  then  provided 
for  the  frame  to  shrink,  settle,  and  contract.  Most  of  the  weight  to  be 
placed  inside  of  the  building  is  then  also  installed  before  the  exterior 
surface  is  applie<l,  so  that  much  less  strain  and  mo\ement  may  be 
expected  afterward  to  affect  it  than  would  be  probable  under  the 
opposite  conditions. 

PUTTING  ON  THE  PLASTER 

Exterior  plaster  requires  three-coat  work.  The  first  or  scratch 
coat  is  indispensable  when  metal  or  wire  lath  ib  usetl,  but  almost 
equally  important  over  wood  lath.  This  first  coat  slioiiltl  be  scratched 
or  n>ugliene<I  while  drj-ing,  and  must  be  tiioroughly  dry  before  the 
second  coat  is  applied.  A  greater  time  ought  to  elapse  lwtwet;n  Ihe 
applications  of  exterior  than  of  interior  plaster  coals,  inasmuch  us  it 
then  becomes  possible  to  eut  out  many  of  the  larger  and  more  import- 
ant cracks  than  have  had  time  to  appear,  and  to  patch  them  before 
the  second  coat  is  put  upin  the  house.  The  second  or  brown  coat  is 
then  the  less  likely  to  crack;  and,  if  a  further  extra  time  is  allowed  the 
plastering  to  dry,  it  can  also  be  patched  at  the  last  moment  before  the 
final  slap-<lash  or  finishing  c^oat  is  put  upon  the  walls.  This  slower 
progress  aids  in  ^ving  a  more  permanent  job  and  one  that  is  at  the 
same  time  less  likely  to  give  annoyance  from  surface  cracks  afterward 
making  their  appearance  in  the  finish  plastering. 

The  question  of  proportion  in  mixing  the  plaster  is  quite  as 
variable  here  as  in  the  case  of  interior  plastering,  and  it  is  injually 
impossible  to  give  alisolutcly  definite  directions.  Different  plasterers, 
each  being  guided  by  the  experience  obtained  from  working  in  dif- 
ferent sections  of  the  country,  prefer  their  iu<lividualiy  different  ways  of 
proportioning  or  mixing  their  materials.  In  the  first  coat,  cement  is 
added  to  the  lime  mortar  in  proportions  var\-iiig  between  ten  and  forty 
per  cent  of  the  mixture.  Some  plasterers  prefer  that  the  first  coat 
should  be  less  stiiTened  with  cement  than  the  second.  AVitli  others 
the  reverse  is  true;  while,  contniry  to  the  general  supposition,  the 
exterior  coat  ajjpears — in  the  majority  of  cases — to  contain  only  that 
amount  of  cement  neci'ssary  to  i)rovi<lc  the  tone  or  color  that  is  desired 
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for  the  exterior  treatment.  Conditions  also  greatly  affect  these  propor- 
tions. ^\'hen  the  plaster  is  added  last  on  a  well-seasoned  and  shrunk 
frame,  for  instance,  it  is  worked  stiffer  than  when  the  building  is  newer 
and  still  far  from  finisheil. 

The  final  coat  for  exterior  plaster  is  generally  applied  as  a  slap- 
dash finish,  the  surface  texture  being  ^ven  by  the  throwing  of  hand- 
fuls  of  variously  sized  pebbles  or  gravel  upon  the  fresh  outer  coat,  thus 
pitting  or  marking  up  its  surface.  The  smaller  the  size  of  the  particles 
employed  for  this  purpose,  the  more  likely  they  are  to  stick  and  remain 
in  the  fresh  putty,  slightly  tinting  the  surface  with  the  color — if  any — 
of  the  gravel  employed. 

The  coloring  of  exterior  plastering  is  done  in  much  the  same  way 
as  when  it  is  use<l  inside  the  dwelling.  As  a  rule,  it  may  be  said  that 
not  sufficient  consideration  is  l>estowed  in  this  country  upon  the 
possibilities  provided  by  the  use  of  color  for  exterior  plaster  work. 

It  is  agreed  that  the  utmost  care  to  prevent  absolutely  any  leakage 
is  necessary  on  the  part  of  the  workman  in  the  carrying  out  of  this  class 
of  work;  and  if  is  here  that  the  success  or  failure  of  exterior  plastering 
most  often  hinges.  Of  course,  the  joints  occasioned  by  the  juxtaposi- 
tion of  the  wood  finish  and  piaster  around  window  and  door  openings 
offer  many  opportunities  for  leakage.  The  plaster  should  here  be 
carefully  flashed ;  and,  if  possible,  an  outer  architrave  backhand  should 
afterward  I>e  put  on  so  as  to  cover  and  protect  this  joint.  Otherwise, 
a  key  should  be  provided  for  the  plastering,  by  cutting  away  or  hollow- 
ing out  a  space  near  the  inner  algc  of  the  wood  facure,  into  which  the 
plaster  may  be  pressed  by  the  workman,  and  leakage  thus  prevented 
even  if  the  wtH)d,  as  is  ((uite  likely,  shrinks  slightly  away  from  the 
plaster  after  it  has  been  put  in  [ilace. 

The  problem  of  making  light  this  exterior  plaster  wall  is  com- 
phcated  and  rendered  more  difficult  when  it  is  divided  into  panels  by  a 
so-called  A  a//-//mftfr  treatment.  In  this  style  of  design,  a  great  number 
of  joints  between  plaster  mid  wooil  -.itc  iieeusinncd  where  ihe  wide 
wootl  I)oanls  are  almost  cerlain  to  shrink  away  fnnu  the  plastering, 
and  where,  too,  it  is  im|HJssible  to  ))rolcct  tlu'sc  jniril.s  by  outer  applied 
battens  in  any  way  capable  of  covering  such  aii  opening  jis  niiiy  occur. 
Thorough  fla.-^hingon  all  upper  exposeil  surfaces,  jissisliil  by  protecting 
overhang  of  the  roof  eaves,  au'l  brond  keys  pnivided  for  the  entrance  of 
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the  plaster  at  all  perpendicular  and  lower  horizontal  joints,  must  alone 
be  relied  upon. 

Under  no  circumstances,  so  far  as  the  lasting  value  of  the  work  is 
concerned,  does  the  mixture  play  so  important  a  part  as  the  expending 
ot  great  care  upon  ihe  thorough  surfacing,  working,  and  finishing  of 
the  mortar,  pressing  it  into  every  crevice  provided  to  receive  it,  flashing 
thoroughly  every  exposed  or  upper  surface  provided  by  the  5nish,  and 
taking  every  precaution  to  work  out  all  pinholes  or  other  defects  where 
water  could  possibly  penetrate  the  surface.  Every  care  and  endeavor 
is  directed  to  providing  a  solid,  evenly  worked,  and  permanent  coating 
which  will,  in  every  possible  way,  throw  off  and  prevent  moisture  l)eing 
admitted  into  the  space  back  of  the  plaster  coating — that  vulnerable 
portion  where  its  attack  is  most  effectually  concealed  and  most  to  be 
dreade<l, 

'i"he  exterior  plaster  treatment  of  a  cement  or  concrete  wall  is  a 
problem  that  froni  now  on  will  continue  to  he  of  rapidly  increasing 
importance.  Here,  however,  it  is  but  necessary  to  use  the  cement  as 
nearly  neat  as  possible,  adding  lime  or  a  make  of  white  cement  in  case 
a  brighter  surface  color  is  desirable.  The  problem  of  the  [esthetic 
treatment  of  concrete  construction  is  one  that  requires  separate  and 
particular  consideration.  Its  solution  has,  as  yet,  been  hardly 
attempted.  Hollow  terra-eotta  tile  is  another  material  that  is  being 
modernly  used  more  and  more  as  a  structural  base  to  take  an  exterior 
plaster  surface  Bnish. 
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PAINTING 

Introductory.  Tlie  first  thing  a  man  wishes  to  know  when  he 
contemplates  [)ainting  a  house,  is  the  coat.  This  will  obviously  depend 
on  the  <>>st  of  labor,  of  materials,  and  the  kind  of  materials  chosen. 
The  outside  of  a  house  is  painted,  either  in  whole  or  in  part;  the  interior 
may  l>e  painted  or  varnished.  Some  houses  have  their  walls  partly 
covered  with  shingles;  these  shingles  are  sometimes  painted,  and 
sometimes — in  fact,  often — left  unpainted ;  but  what  is  called  the  trim — 
that  is,  the  Iwarding  alxiut  the  eaves,  windows,  doors,  the  basc-boanl, 
and  corner-pieces — is  painted.  Shingles,  either  wall  or  roof,  are  often 
staine<l  with  a  creosote  stain  consisting  of  a  coloring  matter  dissolved 
or  suspended  in  a  liquid  calle<l  creosote,  which  is  applied  for  the  purpose 
of  preserving  them;  and  though  instances  can  be  cited  in  which  wall- 
shingles  that  were  never  stained  are  still  doing  good  service  although 
believed  to  be  now  two  hundred  and  fifty  years  okl,  yet  the  use  of 
creosote  will  undoubtetily  prolong  the  life  of  modem,  sawn  shingles,  as 
it  is  noxious  to  insect  life  anil  a  powerful  deterrent  of  natural  decay. 
The  color  of  unpainted  new  shingles  is  generally  <]isliked;  but  after 
four  or  five  years  wall-shingles  take  on  a  beautiful,  soft  color.  The 
question  of  staining  shingles  is  a  matter  of  taste. 

Most  houses  are  exteriorly  painted  with  paint  based  on  white  leail 
or  zinc.  Some  idea  of  the  cost  may  perhaps  be  gained  from  the 
following  considerations: 

While  load  is  sold  ritlier  ground  witii  a  liltlc  oil  to  a  Illicit  paste,  or — 
less  eommonly^n  the  dry  stale. 

Amixtureof  10(1  poumU  of  dry  white  lead  ivilli  .Tpidlons  of  linseed 
oil,  makes  61  gallons  of  piiint,  weipliing  21,3  lbs.  per  K;d. 

Approximate  fiRiires  are:  15  IliB.  paste  lead  anci  6.-1  llm,  oil  equals  1  gal. 
(1  gal.  oil  equals  7,7  lbs.) ;  II  lbs.  dry  lea<l  and  TJ  lbs,  oil  equals  1  gal. 

A  mixture  of  100  pouuds  of  wliile  zine  and  ISS  n"'-  "il-  makes  105  Ral.  of 
paint;  12  lbs.  ziiie  and  i  gal.  oil  make  1.3  gal.,  or  !>.."i  lbs.  xine  and  6,T  lbs, 
oil  make  1  pal.  white  zinc  paint  weiciiing  l.'i,2  lbs,  Kiirk-colored  paints 
made  from  irono\i<{es,  oeiiers,  and  (lie  like,  weigli  1 2  to  1  I  pounds  per  gallon; 
but  exact  tigures  i-aniiol  bu  given,  as  tin-  r.iw  materials  differ  greatly. 

Here  should  be  noted  the  dilfercnce  betwceu  the  priming  coat  and 
the  succeeding  <»iies.     A  priniimj  coat  is  the  first  <x>at  applie<l  to  the 
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clean  wooden  surface ;  it  differs  from  tlie  other  coats  in  containing  more 
oil,  because  the  wood  will  soak  up  the  oil  and  leave  the  coloring  matter 
of  the  paint  on  the  outside. 

To  make  the  paint  for  the  priming  coat,  take  a  gallon  of  the  paint 
already  descril)o<l  and  mix  with  it  a  gallon  of  raw  linsee<l  oil.  Paint 
thus  rmule  is,  of  course,  lower  in  price;  it  is  also  much  thinner;  but 
such  is  the  absorbent  power  of  the  wood,  that  the  priming  paint  does 
not  cover  as  much  surface  as  the  succeeding  coats  per  gallon.  A 
gallon  of  this  thin  priming  coat  covcri  300  to  400  sq.  ft.,  while  a  gallon 
of  second  or  third-coat  paint,  well  brushed  out,  will  cover  about  twice 
this  surface ;  (his  is  because  the  surface  for  all  but  the  first  coat  is  hani 
and  non-aI»sorbent.  Priming  coats  are  usetl  for  both  outside  and 
inside  work,  as  will  be  described  later. 

The  dark-colored  paints  are  usually  cheaper  than  those  made 
from  lead  and  zinc,  and  if  made  of  good  materials  are  not  inferior  in 
durability;  the  extraordinary  claims  made  by  the  zinc  and  lead  manu- 
facturers are  to  be  received  with  much  doubt.  Some  of  the  dark- 
colored  paints  are  the  most  durable  that  can  be  applied  on  wood.  The 
chief  cost  of  painting  is,  however,  that  of  labor,  which  varies  according 
to  locality  and  other  conditions,  seldom  being  less  than  twice  that  of 
materials. 

For  light-colored  paints,  it  is  letter  to  use  raw  linseed  oil  to  which 
pale  japan  dryer  may  be  added,  as  descrilMxi  later;  for  dark  colors, 
cither  this  or  lx»ile<l  oil,  boiled  oil  being  darker  in  color.  The  cost  is 
practically  the  same;  also  the  durability. 

On  inside  work  may  be  used  either  oil  or  enamel  paint,  as 
described  later,  the  former  being  the  cheaper,  the  latter  the  handsomer 
and  slightly  more  durable;  or  the  woixl  may  \k  finished  in  its  natural 
color,  by  varnishing  it  either  with  an  oleo-rcsinous  varnish  or  with 
shellac  varnish.  The  oleo-rcsinous  varnishes  darken  the  wood  very 
a]>precial>ly,  while  white  shellac  varnish  k('c]>s  it  more  nearly  in  its 
natural  color;  although  the  latt<'r  does  not  prevent  the  natural  darken- 
ing action  ()f  light,  it  may  retartl  it.  ."^hellae  varnish  is  die  more  expen- 
sive finish  of  the  two,  if  well  ap|>lic<l.  What  is  .sometimes  called  oU 
finish  generally  consists  in  the  appl'cation  of  a  cheap  varnish  called 
hard  oil,  which  is  usually  made  of  '.-(inimon  nisui,  linseed  oil,  and  ben- 
zine.    Its  only  merit  is  that  it  is  cheap. 


Digitized  by  VwjOOQIC 


PAINTING  3 

It  would  indeed  be  possible  to  apply  neither  paint  nor  varnish, 
but  merely  to  saturate  the  wood  with  oil,  and  this  would  be  truly  an 
oil  finish;  it  would,  however,  make  the  wood  dark  and  dingy,  and 
would  readily  retain  dirt,  and  is  a  practice  seldom  followed  except 
sometimes  on  floors — especially  kitchen  floors — and  sink  shelves. 
These  are  at  frequent  intervals  oiled  with  a  mixture  of  equal  parts 
boiled  oil  and  turpentine. 

It  is  the  purpose  of  this  Instruction  Paper  to  describe  only  good 
and  approved  methods.  It  will  readily  be  understood,  and  will 
certainly  be  obsened  in  practice,  that  these  methods  may  be  abbre- 
viated by  the  omission  of  some  details  that  are  here  specified  as  desir- 
able. For  instance,  it  is  diflicult  to  get  interior  finish  sandpapered  or 
rubbed  between  coats,  even  if  so  contracted;  but  this  is  the  right 
practice.  Two  coats  of  varnish  often  have  to  serve  in  the  place  ot 
four.  No  one,  however,  needs  to  be  told  these  things.  The  methods 
herein  described  are  not  luxurious  or  extravagant;  they  are,  on  fairly 
good  houses,  truly  economical;  and  we  are  not  considering  temporary 
structures. 

It  is  not  uncommon  to  find  part  of  a  house,  as  the  living  rooms, 
finishc<l  in  varnish,  and  the  kitchen  and  pantry  painted  with  oil 
paints,  which  are  lighter  in  color  and  more  easily  renewed.  The 
sleeping  rooms,  on  the  other  hand,  are  often  finished  in  enamel  paints, 
because  color  effects  are  desired  to  harmonize  with  the  furnishings; 
and  bathrooms  are  almost  always  done  in  enamel  for  sanitary  con- 
siderations. The  taste  and  inclination  of  the  owner  are  to  be  con- 
sulted in  regard  to  all  these  matters. 

PAINTERS'  SUPPLIES 
Rgments  and  Vehicles.  Paint  is  a  mixture  of  a  finely-divided 
solid  substance  with  a  liquid  which,  when  spread  on  a  solid  surface 
with  a  brush  or  othcnvise,  will  adhere  and  in  a  short  time  form — by 
evapomtion,  or  more  commonly  by  oxidation— a  somewhat  hard  and 
tough  film.  The  finely  divided  solid  is  called  the  pigmnil;  the  liquid 
part,  the  vehicle.  The  most  rommon  vehicle  is  Unseed  oil.  This  is 
an  oil  obtained  by  pressure  (or  extraction  by  solvents)  from  flaxseed. 
When  spread  out  in  a  film  and  exposed  to  the  air,  linseed  oil  is  con- 
verted into  a  tough,  leather;',  clastic  substance  called  linoxln,  insoluble 
in  water  and  all  common  solvents.     This  change  is  brought  about  by 
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al>s()ri)tioii  jiihI  (•hciniciil  union  of  the  oxjfp-n  of  the  air,  whereby  the 
wt'if!;lit  of  the  (lil  is  liicn'JLSC(i  alMMit  <iiic-fiffh  <ir  oiu^sixth.  It  is  there- 
fort"  a  mistake  to  .siijiiwsc  that  nil  jKiiiit  gffs  dry  as  whitewasli  docs, 
hy  the  I'vajKinition  of  tho  liquid.  Instead  of  that,  it  gi-ts  heavier. 
Theiv  are  some  ()l,her  wfjctablt;  oils  whieli  have  this  pro|)crty  in  some 
degree,  lait  none  wliich  are  nseii  f<ir  jNiints  to  any  considerable  extent; 
some  arc  used  a  little  for  artists'  colors. 

I^inseed  oil  .should  stand  at  least  a  month  or  two  before  using. 
It  .should  then  be  perfectly  free  from  sediment  or  cloudiness;  if  it  is  not 
so,  this  is  a  sign  that  the  oil  has  not  been  properly  afjed,  and  sueh  oil 
is  not  (it  for  making  paints.  In  this  natural  state,  it  is  called  raw  oil; 
and  the  price  of  lin.s^ed  oil  as  commonly  quoted  refers  to  raw  oil. 
Boiled  oil  is  this  raw  oil  which  has  been  heated,  usually  to  450°  or  500° 
F.,  with  the  addition  of  u  small  amount  of  oxide  of  lead  or  oxide  of 
manganese,  or  a  mixtiia'  of  the  two  (oeeusionally  some  other  lead  or 
manganese  eomjKJunds  are  used).  Iloilwl  oil  is  darker  (browner)  in 
color  than  niw  oil;  hut  differs  from  it  chiefly  in  that  it  dries  five  to  ten 
times  JLS  rapidly.  A  thin  film  of  raw  oil  on  a  glass  or  metal  surface 
will  dry  at  onlinarj'  tcm]X'ratiires  in  five  or  six  days,  so  as  to  feel  no 
longer  greasy;  but  iHiiUt!  oil  will  do  the  .same  in  a  day  or  half  a  day. 
Oil  dries  In^st  in  warm,  dry  weather  and  out  of  doors. 

The  pigment  is  mixed  with  the  oil  by  .stirring  the  two  together. 
'I'his  is  usually  done  by  |K>wer,  in  a  ve,s.sel  called  a  paint  mixer.  The 
mixture  .should  then  lie  nui  thnaigh  a  paini  mitl;  .some  paint  mills  are 
of  sfecl,  hut  the  iK-st  have  a  i>air  of  mill-.stones,  tietween  which  the 
jjiunt  is  gniuiKl  and  most  thoniiighly  mixed.  Paints  mixed  in  this 
manner  are  much  better  (han  fho.se  winch  are  mixed  only  by  stirring. 

Kcsides  oil  and  pigment,  ]»aint  sometimes  contains  a  volatile  tkin- 
vtr,  the  most  iiniwirfaiit  (hinners  U-ing  tiirpriilliic  and  benzine.  Tur- 
I>ciitin<-  is  a  well-known  essential  oil,  volatile,  txtiling  at  about  320°  F., 
hill  evaiM>nilirig  at  ordinary  teniperafurcs  when  exposed  to  the  air. 
Hen/iiic  is  a  uiirieriil  <)il.  ligiitcr  than  kci-oseue  and  heavier  than  gaso- 
line; 111.-  kind  used  in  paint  and  varui.sli  is  failed  "62-degree 
iM-n/ine."  its  speciiie  gravity  being  f'.L'°  on  the  Itatime  .scale  for  hquids 
lighter  than  water.  I.inseet!  oil  weighs  7.7  Ib.s.  \iev  gallon;  turpen- 
tine, 7.L'  ]bs.;and(i2Mienicinc.().l  l!>,s.  liut  lin.sml  oil  is  sold  by  the 
oil  inak<'rs  am!  dealci-s  on  (he  basi.s  of  "..'» Ib.s.  \kt  gallon. 
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PAINTING  7 

Faint  brushes  are  round,  flat,  or  oval.  A  favorite  brush  for 
ordinary  outside  work  is  what  is  called  a  -pound  brush,  a  large,  round 
brush  with  stiff  bristles  six  inches  long.  Sucli  a  brush  should  be 
ind/cdwhen  it  is  new — a  "bridle"  being  a  piece  of  cord  wound  around 
the  bristles  to  shorten  their  effective  length;  as  the  bristles  become 
worn  off,  the  bridle  may  be  removed,  A  2i-inch  oval  brush  {2J 
inches  wide)  is  a  highly  satisfactory  tool  to  use  in  general  painting, 
and  is  the  brush  recommended  by  the  paint  committee  of  the  American 
Society  for  Testing  Materials.  It  is  worth  noting  that  this  committee, 
made  up  equally  of  expert  paint  manufacturers  and  experts  employed 
by  the  large  consumers,  unanimously  agreed  that  no  larger  brush  than 
tbb  should  be  used  in  making  paint  tests. 

The  use  of  brushes  five  inches  wide  is  conmion  for  outside  work; 
but  while  such  brushes  may  be  had  of  the  best  quality,  they  are  heavy 
and  laborious  to  use,  and  the  workman  who  uses  such  a  brush  will  not 
brush  the  paint  sufficiently  to  get  the  best  result.  If  a  fiat  brush  is 
used,  it  should  not  exceed  Z\  inches  in  width;  and  three  inches  is 
better.  A  good  21-inch  oval  varnish  brush  is  a  most  excellent  brush 
for  all  large  work  in  either  paint  or  varnish.  The  painter  should  also 
have  a  good  IJ-Inch  oval  brush  for  smaller  work,  and  a  number  of 
round  or  oval  brushes,  called  sash  tools,  of  different  smaller  sizes,  for 
more  delicate  work,  such  as  sash  and  frame  painting.  Stiff-bristle 
brushes,  which  have  been  worn  off  short,  are  suitable  for  such  work  as 
rubbing-in  filling.  For  varnishing  large  surfaces,  flat  bristle  brushes 
2\  inches  wide  are  good;  also  similar  ones  2  inches,  I'i  inches,  and  1 
inch  wide  are  useful.  All  flat  brushes  should  have  chiseled  edges. 
For  flowing  varnish,  it  is  necessary  to  have  thick,  flat,  camel's-hair 
brushes,  running  up  to  3^  inches  in  width,  although  most  house 
varnishing  may  be  done  with  brushes  not  over  21  inches  wide. 

Besides  paint  brushes,  the  workman  will  need  some  ordinary 
scTvbhing  brushes  and  one  or  two  painter's  dusting  brushes,  to  have  the 
surface  properly  cleaned. 

Steel-wire  brushes,  with  stiff  steel  wire  instead  of  bristles,  shaped 
like  scrubbing  brushes,  are  used  for  cleaning  off  old  paint  and  for 
cleaning  structural  metal  work.  These  are  of  various  sizes;  and  the 
steel  wires  are  of  different  lengths  and  sizes,  hence  differing  in  stiffness. 
They  may  be  had  at  hardware  stores. 

Care  of  Brushes     Hair  and  bristle  brushes  must  be  kept  clean 
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and  soft;  this  can  be  done  by  care  and  faithfulness.  They  should 
not  be  allowed  to  become  dry  with  paint  or  varnish  in  them.  To 
prevent  this,  wash  them  out  in  oil  or  turpentine  as  soon  as  you  are 
through  using  them;  or  they  may  be  left  in  the  paint  or  varnish  for  a 
few  days.  They  may  be  kept  over  night  by  wrapping  them  very 
closely  in  paper  if  they  have  been  used  in  a  slow-drying  material;  in 
this  way  they  may  be  carried  from  one  place  to  another.  Brushes 
should  not  be  left  to  dry  with  even  clean  oil  or  turpentine  in  them;  if 
they  are  to  be  put  away,  they  should  be  well  washed  first  with  soap 
and  water,  then  with  clean  water,  then  hung  up  until  thoroughly  dry. 

In  use,  brushes  are  best  kept  in  what  is  called  a  brush  safe.  A 
deep  wooden  paii,  with  nails  driven  in  its  sides  at  different  distances 
from  the  bottom,  and  with  a  close  cover,  makes  a  good  receptacle 
for  brushes.  The  brushes  have  holes  in  their  handles,  or  loops  of 
cord  tied  to  them,  and  are  hung  on  these  nails;  their  bristles  dip  into 
some  turpentine  or  oil  in  the  bottom  of  the  pail ;  they  are  so  hung  that 
they  do  not  dip  into  the  liquid  above  where  the  bristles  project  from 
the  binding.  If  brushes  are  left  standing  on  the  bristles  on  the  bottom 
of  a  vessel,  they  soon  become  one-sided  and  distorted  in  shape.  Tin 
brush-safes  may  be  bought  of  any  large  dealer  in  brushes. 

A  brush  which  has  dried  with  paint  or  varnish  in  it,  may  be 
recovered  by  soaking  it  in  a  non-alkaline  vamish-remover.  This  will 
in  time  soften  it  so  that  it  may  be  used  again,  but  it  is  not  improved  by 
such  treatment.  Brushes  used  in  shellac  should  be  washed  out  with 
alcohol  instead  of  turpentine  or  benzine.  No  brush  is  good  unless  it  is 
clean. 

Fillers.  Fillers  are  of  two  kinds — ■paste  and  liquid.  Paste 
fillers  are  something  like  a  very  thick  paint,  and  are  composed  of  some 
solid  powdered  substance,  usually  silica  or  powdered  quartz,  raixed 
with  a  quick-drying  varnish  thinned  with  turpentine  or  benzine. 
This  is  applied  to  the  dry  surface  of  the  wood  with  a  stiff,  short-bristle 
bnish,  or  is  put  on  with  a  clean,  white  cotton  cloth,  and  well  rubbed  into 
the  pores  of  the  wood.  After  half  an  hour  or  so,  tlie  surface  of  the 
wood  is  wiped  off  with  a  wad  of  excelsior  or  a  clean  cloth  or  a  piece  of 
felt.  A  liquid  filler  is  a  quick-drying  varnish;  and  most  of  the  liquid 
fillers  on  the  market  are  cheap  rosin  varnishes  loaded  with  dr)'ers, 
and  should  never  be  use<l.  Paste  fillers  arc  the  best  in  almost  all 
cases. 
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Inside  Work.  All  window  and  door  frames,  whether  they  are  lo 
be  finished  with  paint  or  varnish,  should  receive  a  good  coat  of  paint 
made  with  some  cheap  pigment,  such  as  iron  oxide,  and  boiled  oil, 
applied  to  the  back  of  the  frame,  before  they  are  brought  from  the 
shop  to  the  house;  this  prevents  the  absorption  of  moisture  and  hin- 
ders decay.  If  they  are  to  be  painted,  they  should  receive  a  priming 
coat  in  the  shop,  if  possible ;  if  not,  it  shoukl  be  applied  as  soon  as  prac- 
ticable. The  priming  coat  is  composed  of  white  lead  and  boiled  oil  or 
raw  oil,  with  five  to  ten  per  cent  of  drj'er;  and  should  be  almost  all 
oil,  with  very  little  pigment.  Turpentine  is  not  a  good  thing  in  a 
priming  coat,  because  the  object  is  to  fill  the  pores  of  the  wood,  and 
turpentine  evaporates.  As  soon  as  this  is  <lry  to  the  touch,  all  holes 
are  to  be  filled  with  putty.  The  best  putty  for  this  purpose  is  white 
lead  putty,  made  by  mixing  a  little  raw  oil  with  drj'  white  lead, 
or  by  adding  dry  lead  to  paste  lead  until  it  is  of  the  right  con- 
sistency. This  kind  of  putty  hardens  quickly  as  compared  with 
common  putty,  and  is  the  best  for  this  purpose.  A  steel  putty-knife 
should  not  be  used  on  interior  woodwork,  as  it  is  almost  certain  to 
scratch  it;  a  hardwood  stick,  suitably  shaped,  should  be  used.  All 
cracks,  joints,  and  nail-holes  should  be  carefully  filled.  All  knots 
and  sappy  places  should  be  varnished  with  shellac  varnish ;  this  pre- 
vents the  pitch  and  moisture  from  attacking  the  paint.  The  shellac 
should  be  applied  where  it  is  needed,  before  the  priming  coat.  The 
priming  coat  should  be  given  time  to  get  quite  dry ;  at  least  a  day — two 
days,  if  possible;  and  a  week  is  better  yet.  Then  it  is  ready  for  the 
second  coat.  This  should  contain  a  considerable  amount  of  turpentine. 
If  no  turpentine  is  used,  the  surface  is  likely  to  be  glossy,  and  the  next 
coat  of  paint  will  not  adhere  well ;  but  by  replacing  part  of  the  oil  with 
turpentine,  we  get  what  painters  call  a  fiat  coat — that  is,  one  which  is 
not  glossy;  if  this  is  made  from  paste  lead  or  any  paste  paint,  it  can 
be  produced  by  thinning  the  paste  with  a  mixture  of  oil  and  turpentine 
in  equal  proportions;  some  painters  prefer  one-third  oil  and  two- 
thirds  turpentine.  This  is  for  inside  work  only.  This  coat  should 
be  allowed  to  dry  thoroughly;  if  it  takes  ten  hours  for  the  paint  to  be 
dry  enough  to  handle,  then  at  least  four  times  ten  hours  additional 
should  elapse  before  the  next  coat  is  applied;  this  is  a  good  general  rule; 
and  as  much  more  time  as  possible  should  be  allowed.     If  the  finish 
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is  to  l>e  ordinary  oil  paint,  the  next  coat  may  be  paint,  thinned  with 
al>out  half  as  much  turpentine  as  before,  or  with  no  turpentine  at  all. 
In  the  latter  case,  when  the  coat  is  thoroughly  dry,  it  must  be  carefully 
examined,  and,  if  glossy,  it  should  be  rubbed  with  something  to  take 
off  the  gloss;  curled  hair  or  pumice  and  water  is  often  used.  Then 
the  final  coat,  which  has  no  turpentine  in  it,  may  be  applied. 

But  if  the  finish  is  to  be  with  an  enamel  paint,  the  second  coat, 
when  quite  dry,  should  be  very  lightly  sandpapered  with  fine  sand- 
paper, and  the  third  coat  should  be  of  like  composition  to  the  second, 
treated  the  same  way ;  then  the  enamel  paint  is  applied.  For  a  really 
first-class  job,  when  this  is  quite  dry,  it  should  be  rubbed  down  with 
curled  hair  or  pumice  and  water,  and  another  coat  of  enamel  put  on. 
If  the  natural  gloss  is  not  desired,  it  may  be  rubbed  with  pumice  and 
water.  The  back  and  all  other  concealed  surfaces  of  inside  wood  finish 
should  receive  a  priming  coat  of  paint  to  protect  the  wood  from  moisture. 

Painting  Plastered  Walls.  Old  plastered  walls  may  be  painted 
with  oil  or  enamel  paints  as  though  they  were  wood,  remembering  that 
the  priming  coat  will  have  almost  all  of  its  oil  absorbed  by  the  plaster. 
New  plastered  walls  do  not  take  paint  well,  on  account  of  their  alkaline 
character,  which  gradually  disappears  with  exposure  to  the  atmos- 
phere. It  is  well  to  let  a  wall  remain  unpainted  at  least  a  year.  But 
if  it  is  necessary  to  paint  a  freshly  plastered  wall,  the  wall  is  prepared 
by  some  painters  by  washing  it  with  a  solution  of  sugar  in  vinegar, 
the  sugar  uniting  with  the  lime  to  some  extent;  or — more  commonly — 
by  washing  it  first  with  a  strong  solution  of  common  alum  and  then 
with  a  solution  of  soap.  After  this  is  dry,  it  is  washed  with  clean 
water,  allowed  to  dry,  antl  then  painted.  The  alum  and  soap  form  an 
insoluble  compound  which  closes  the  pores  of  the  plaster  to  some  ex- 
tent, and  prevents  the  lime  from  acting  on  the  paint. 

Outside  Work.  Exterior  paints  are  more  clastic,  as  they  need 
to  be  far  more  lasting,  than  those  used  on  interiors,  since  the  effect  of 
exposure  to  the  sun  and  rain  destroys  paint  more  than  almost  any- 
thing else  doe.s.  Paint  on  the  interior  of  a  house  will  last  almost 
indefinitely;  but  on  the  outside  the  best  paint  is  not  verj'  durable.  The 
surface,  if  new,  should  be  clcauinl  by  brushing;  knots  should  be 
slu'llacknl;  after  which  the  primiug  coat  shoukl  l)e  applied.  This 
may  be  the  same  paint  which  is  .selected  for  the  finish,  only  thinned 
with  boiled  oil  {or  raw  oil  and  drjer),  using  one  to  one  and  a-third 
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gallons  of  oil  to  each  gjillon  of  paint.  The  reason  why  ordinary  paint 
may  not  be  used  as  a  primer,  is  that  the  wood  absorbs  the  oil,  leav- 
ing the  pigment  as  a  ccm|»aRttively  non-adhesive  powder  on  the  sur- 
face, from  which  the  next  coat  will  probably  peel  off.  The  next  step 
is  to  putty  up  all  nailholes  and  other  defects.  For  the  second  coat, 
many  experts  advise  the  atldition  of  half  a  pint  of  turpentine  to  the 
gallon  of  paint;  others  make  no  addition  to  it.  The  third  coat  is 
applied  after  the  second  is  thoroughly  drj';  if  a  week  or  a  month  can 
elapse  between  these  coats,  so  much  the  better. 

Repainting.  If  the  old  paint  has  been  on  a  long  time,  it  is  liable 
to  be  permeated  bj  minute  cracks,  which  ailmit  moisture  to  the  surface 
of  the  wood  and  loosen  the  paint.  If  now  we  paint  over  this,  the  new 
paint,  which  shrinks  in  drj'ing,  tends  to  pull  oS  the  old  paint,  and  of 
course  the  whole  ptels  off  in  patches.  If  the  old  paint  is  in  this  state, 
it  must  be  removed  before  the  new  paint  is  applied.  This  can  be 
done  by  burning  off.  For  this  work  a  "painter's  torch  is  required, 
which  is  a  lamp  burning  alcohol,  gasoline,  or  kerosene,  and  is  so  con- 
structed that  a  blast  of  flame  can  be  dlrectetl  against  the  surface.  This 
melts  or  softens  the  old  paint,  which  is  then  immediately  scraped  off 
with  a  steel  scraper.  The  paint  is  not  literally  burned,  but  is  softened 
by  heat  so  that  it  can  be  scraped  off.  In  some  cases  it  is  sufficient 
to  remove  as  much  as  possible  with  a  steel  brush;  this  is  a  brush  like 
a  scrubbing  brush,  with  steel  wires  instead  of  bristles,  and,  when 
vigorously  used,  will  take  off  the  loose  paint. 

Old  paint,  however,  is  not  always  in  this  condition.  If  it  adheres 
well,  it  may  be  cleaned  with  an  ordinary  scrubbing  brush  and  water, 
and  when  it  is  quite  dry,  the  new  paint  may  be  applied.  Sometimes 
the  paint  seems  in  good  condition,  only  it  has  faded  and  lost  its  luster; 
in  such  cases  a  coat  of  boiled  oil,  or  raw  oil  with  dryer,  is  all  that  is 
needed. 

It  is  well  to  paint  the  trim — that  is,  the  window-casings,  door- 
casings,  comer-pieces,  and  the  like — before  painting  the  body  of  the 
house;  then  the  paint  can  be  applied  to  the  flat  surfaces  more  neatly 
than  is  otherwise  likely  to  be  done.  Paint  should  be  applied  in  thin 
coats,  well  brushed  on;  it  is  not  unusual  to  see  paint  come  off  from 
re-entrant  angles  while  it  Is  still  goo<l  on  flat  surfaces,  because  it  was 
difficult  to  brush  the  paint  properly  in  those  places.  Tliere  is  a  great 
difference  in  durability  between  a  thin  paint  flowed  on  with  a  large, 
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flat  brush,  and  one  of  proper  consistenc}'  well  brushed  out  with  a  brush 
of  medium  size.  In  all  painting  on  wood,  it  is  desirable  to  brush  it  on 
with  the  grain  of  the  wood ;  and  by  painting  only  a  few  boards  at  once, 
we  may  avoid  laps  by  painting  the  whole  length.  Rough  surfaces 
hold  paint  better,  and  more  of  it,  than  smooth.  A  gallon  of  paint  will 
cover,  one  coat  (on  a  painted  or  well-primed  surface),  about  600  square 
feet,  not  flowed  on,  but  well  brushed  out  in  a  thin  film.  The  priming 
coat  will  not  cover  more  than  300  or  400  square  feet  to  the  gallon.  In 
measuring  the  outside  of  a  house  for  surface,  make  no  deductions  for 
doors  and  windows;  if  the  trim  is  to  be  painted  a  different  color,  from 
one-sixth  to  one-third  of  the  paint  will  be  required  of  that  color. 
Paint  should  be  stirred  frequently  while  using.  A  coat  of  dry  {>aint  ii 
from  -j-Ja-  to  t.o'stt  o^  ^"  '"'^'li  i"  thickness. 

Roof  Painting.  Roof  paints  should  contain  a  lai^r  proportion  of 
oil  to  pigment  than  other  paints,  and  less  dryer  (or  none  at  all). 
Many  think  that  the  addition  of  ten  to  twenty  per  cent  of  fish  oil  to  a 
paint  for  roofs  is  advantageous;  fish  oil  grefttly  retards  drying  and 
prevents  the  paint  from  becoming  brittle.  Tin  roofs,  if  new,  should 
be  thoroughly  scrubbed  with  soap  and  water,  or  with  pieces  of  harsh 
cloth,  such  as  burlap,  well  wet  with  benzine.  They  may  then  be 
painted. 

Paint  dries  relatively  fast  on  roofs;  but  as  a  roof  paint  is  very 
slow-drying,  plenty  of  time  must  be  allowed  between  coats.  A  new 
roof  should  receive  three  coats.  Metal  gutters  and  spouts  are  to  be 
treated  the  same  way.  Do  not  forget  that  new  tin  or  galvanized  Iron  is 
difhcult  to  paint;  have  it  very  thoroughly  scrubbed,  even  though  it 
looks  perfectly  clean,  and  then  rub  the  paint  on  well  with  the  brush. 
Metal  spouts  will  usually  be  painted  the  same  color  as  the  wall  of  the 
house. 

Sometimes  shingle  roofs  are  painted  with  fireproof  paint.  This 
is  not  really  fireproof,  hut  considerably  retards  the  spread  of  fire,  after 
it  has  become  thonnighly  dry;  when  fresh,it  does  not  oven  do  that;  nor 
docs  it  liave  much  effi-ct  after  it  has  been  on  a  year  or  so.  It  may  be 
made  by  adding  fo  a  gsdlon  of  any  good  paint  about  a  pound  of 
powdered  boracic  acid.  When  strongly  heated,  this  material  fuses 
and  forms  a  sort  of  glas.s.  which  keeps  the  air  from  the  wood.  It  is 
after  a  time  washed  out  by  the  rain. 

Canvas  roofs  arc  prepared  in  the  following  manner:    The  canvas 
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(10-ounce  duck  is  often  used)  is  first  nailed  down,  care  being  taken  to 
draw  it  tight;  it  will  show  some  wrinkles,  but  tliese  are  not  to  be  allowed 
to  accumulate  to  form  a  large  wrinkle  or  fold.  Then  the  canvas  is 
thoroughly  wet;  it  shrinks,  and  all  the  little  wrinkles  disappear.  It  is 
a  common  practice  to  paint  it  while  it  is  still  wet,  this  being  an  excep- 
tion to  all  other  practice;  but  some  wait  until  it  is  dry.  The  writer 
has  been  accustomed  to  the  latter  method,  and  has  not  found  that  the 
canvas  shows  wrinkles  on  drying,  while  the  results  are  all  that  can  be 
desired.    A  well-painted  canvas  roof  is  very  durable  and  satisfactory. 

PAINTING  STRUCTURAL  METAL 

Steel  is  a  more  perishable  material  than  wood,  and  more  difficult 
to  paint.  Without  regular  expen<liture  for  maintenance,  wooden 
bridges  last  longer  than  steel  ones;  there  are  woo<len  roof  beams  a 
thousand  years  old ;  and  iron  roofs  are  so  short-lived  that  they  are  used 
only  over  furnaces  and  the  like,  where  wooden  ones  would  take  fire. 
The  painting  of  structural  steel  is  therefore  important ;  and  it  is  also 
difficult,  if  we  are  to  Judge  by  results. 

In  the  first  place  comes  the  preparation  of  the  surface.  When 
we  paint  wood,  we  have  the  surface.clean  and  dry:  and  then  we  soak 
it  with  oil,  so  as  to  haie  the  paint  Iwund  to  it  in  the  most  intimate 
manner.  Iron  and  steel,  on  the  other  hand,  always  come  to  us  dirty, 
and  covered  with  oxide;  and  as  the  surface  is  not  porous,  tlie  paint 
does  not  penetrate  it,  but  has  to  stick  on  the  ontsitle  the  best  way  it  can. 
If  we  paint  over  the  dirt  and  scale,  and  that  over  comes  off,  the  paint 
comes  off  with  it;  if  the  metal  is  actively  rusting,  and  we  paint  over  the 
rust,  the  corrosion  is  perhaps  made  slower,  but  it  does  not  stop. 

Air  and  moisture  cause  rust;  if  we  can  ki'ep  them  away,  the  metal 
will  last;  but,  unfortunately,  all  paint  is  very  slightly  porous,  and  if 
expose<l  to  the  weather  it  in  time  deteriorates.  The  most  essential 
thing  in  painting  metal  is  to  get  iJie  paint  on  Iftr,  metal,  not  on  an  inter- 
mediate coating. 

There  are  only  two  ways  to  clean  steel  perfectly.  One  is  by 
pickling  it  in  dilute  acid  (usually  10  to  20  per  cent  sulphuric  acid), 
followed  by  washing  to  remove  the  acid ;  and  the  other  is  by  the  use 
of  the  sand-blast.  Neither  of  these  proco.sses  is  available  to  the  ordinary 
painter,  who  must  do  the  next  best  thing.  This  is  to  remove  absolutely 
all  dirt  and  all  loose  scale  and  oxide.     First  clean  off  the  dirt,  if  any, 
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with  brushes,  as  it  would  be  cleaned  off  any  other  surface.  Then, 
with  scrapers  and  steel-wire  brushes,  clean  off  all  the  scale  which  will 
corae  off.  If  there  is  any  new  rust  (not  mill  scale),  it  must  be  well 
scraped  out  and  cleaned  off.  This  is  indispensable.  When  this  is 
done,  immediately  paint  it,  before  it  begins  rusting  again. 

One  of  the  most  popular  materials  for  a  first  coat  is  red  lead  in 
oil.  This  must  be  mixed  on  the  spot,  shortly  before  it  is  used,  because 
it  will  harden  into  a  cake  in  the  pail  or  can  if  allowed  to  stand  very 
long.  From  30  to  33  pounds  of  dry  red  lead  is  to  be  mixed  with  each 
gallon  of  oil — not  less  than  28  in  any  case.  This  is  immediately  painted 
on  the  metal ;  if  it  is  put  on  in  too  thick  a  coat,  it  will  run  and  be  uneven. 
Some  use  raw  oil,  others  boiled  oil;  it  does  not  make  much  difference 
which  is  used.  The  paint  dries  rapidly;  and  as  soon  as  it  seems  hard, 
8  second  coat  of  the  paint  can  be  applied.  Red  lead  is  different 
from  all  other  paints  in  this,  that  it  will  finish  hardening  just  as  well 
away  from  the  air.  This  is  because  it  does  not  dry  by  oxidation,  as 
other  paints  do,  but  by  the  lead  combining  chemically  with  the  oil, 
just  as  water  combines  with  Portland  cement.  In  the  opinion  of  the 
writer,  red  lead  should  have  one  or  two  coats  of  some  good  paint,  other 
than  red  lead,  over  it.  But  red  lead  is  not  the  only  first  coating  which 
may  be  used.  Any  good  paint  may  be  used — a  good  graphite  paint,  or 
other  carbon  paint,  or  some  of  the  varnish-like  coatings  containing 
linseed  oil  and  asphaltum  which  are  made  for  the  purpose.  It  is 
important,  in  using  any  of  these,  to  let  plenty  of  time  for  drying  elapse 
between  coats.  Not  less  than  two  coats  i.s  permissible,  and  three  are 
desirable. 

Projecting  angles,  edges,  and  bolt  and  rivet  heads  are  the  places 
which  first  show  nisf  through  the  paint.  This  is  partly  because  the 
brush  draws  the  paint  thin  at  such  places.  To  overci>me  this,  it  is  now 
becoming  common  practice  to  go  over  the  work  after  the  first  coat, 
and  paint  all  edges  for  about  an  inch  from  the  edge  or  angle,  and  all 
bolt  and  rivet  heads,  with  an  extra  or  striping  coat;  then,  when  the 
second  coat  goes  on  over  the  whole,  there  is  the  equivalent  of  two 
full  coats  everywhere. 

Painting  on  iron,  as  on  wood,  should  be  done  in  dry  weather, 
when  it  is  not  verj-  cold — at  any  rate  not  below  50°  F.  Full,  heavy 
coats  should  be  used,  an<l  well  brushed  on.  Care  must  lie  taken  to  get 
the  paint  into  all  cracks  and  comers. 
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A  vamish  is  a  liquid  made  to  be  applied  to  a  surface  in  a  thin 
film,  which,  on  exposure  to  the  air,  hardens  into  a  protective  coating 
that  is  usually  glossy  and  almost  transparent.  There  are  two  principal 
classes — spiTil  and  oho-resinoua  varnishes. 

Spirit  varnishes,  of  which  aAe//ac*  is  the  most  important,  are  made 
by  dissolving  a  resin  (or  sometimes  some  other  substance)  in  a  volatile 
solvent,  such  as  alcohol.  They  dry  by  evaporation,  the  solvent  going 
off  and  leaving  the  resin  spread  out  in  a  thin  film,  the  liquid  or  vehicle 
having  really  served  as  a  mechanical  means  of  spreading  the  resin  over 
the  surface.  Shellac  is  a  resin  which  comes  on  the  market  in  lai^, 
thin  flakes.  It  may  be  dissolved  in  denatured  (or  any  other)  alcohol 
in  the  following  manner: 

Put  the  alcohol  in  an  earthenware  jar,  and  weigh  out  five  pounds 
of  gum  shellac  for  each  gallon  of  alcohol.  Just  before  leaving  at 
night,  carefully  and  gently  drop  the  shellac,  little  by  little,  into  the  jar 
of  alcohol,  then  put  on  the  cover  and  leave  it  until  morning.  Do  not 
on  any  account  stir  it.  In  the  morning  the  flakes  of  shellac  will  be 
soaked  and  swollen;  but  if  you  had  stirred  them  in,  the  night  before, 
they  would  have  stuck  together  in  lumps.  Now,  during  the  day,  stir 
the  mass  with  a  wooden  stick  once  every  hour  or  so;  do  not  put  any 
metal  in  it,  especially  iron ;  one  iron  nail  will  spoil  the  color  of  a  whole 
barrel  of  shellac.  By  the  next  morning — perhaps  before — the  shellac 
will  be  ready  for  use.  It  does  not  make  a  clear  solution,  because  the 
gum  shellac  contains  some  waxj  which  does  not  dissolve,  and  so  the 
vamish  is  milky  or  cloudy;  it  is,  however,  ready  for  use.  As  the 
alcohol  is  volatile,  the  jar  should  be  kept  covered;  and  after  it  is 
made,  the  vamish  should  be  put  in  glass  Iwttles  or  clean  tin  cans. 

There  are  many  grades  of  shellac  gum,  the  best  being  known  by 
the  letters  D  C;  but  there  are  others  nearly  as  good.  The  common 
shellac  is  brownish  yellow,  and  is  called  orange  shellac;  this  is  the  natu- 
ral shellac  color.  White  shellac  is  made  from  this  by  bleaching  with 
chlorine;  but  it  is  not  of  so  good  quality  as  the  unbleached;  it  has,  of 
course,  the  advantage  of  being  much  paler  in  color.  White  shellac 
gum  will,  on  long  standing,  sometimes  become  insoluble.  Shellac 
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varnish  may  be  thinned  with  alcohol,  and  often  thb  is  necessary. 
Shellac  is  too  often  adulterated  with  common  rosin,  which  greatly 
lessens  its  value.    This  is  easily  detected  by  a  chemical  teat. 

Damar  is  a  white  resin  which  is  soluble  in  spirits  of  turpentine — 
five  or  six  pounds  of  resin  to  a  gallon  of  turpentine.  It  is  the  most 
nearly  colorless  varnish  we  have,  but  never  becomes  very  hard.  It  is 
used  to  a  considerable  extent  as  a  vehicle  for  white  lead  and  zinc,  to 
make  a  very  white  enamel  paint.  It  is  not  durable  if  exposed  to  the 
weather. 

More  important  than  spirit  varnishes  are  the  oleo-resinous  var- 
nishes.which  consist  of  certain  resins  dissolved  in  linseed  oil,  the  mixture 
being  thinned  with  turpentine  or  benzine.  In  making  these,  the  resin 
is  put  in  a  copper  kettle  and  heated  until  it  is  thoroughly  melted;  then 
some  hot  oil  is  added  to  it,  and  the  mixture  cooked  until  the  whole  is 
thoroughly  combined.  The  kettle  is  then  taken  from  the  fire,  and 
when  partly  cool,  the  turpentine  is  stirred  in.  The  resin  makes  the 
film  hard  and  lustrous,  and  the  oil  makes  it  tough.  Thus  the  larger 
the  proportion  of  resin,  the  harder  and  more  brilliant  will  be  the  film ; 
the  larger  the  proportion  of  oil,  the  tougher,  more  elastic,  and  more 
durable  it  will  be,  and  the  slower  it  will  <lry.  Most  of  the  color  of  varnish 
comes  from  the  resin;  the  paler  this  is,  the  paler  will  be  the  varnish. 
The  pale  gums  are  higher  in  price  than  the  dark  ones,  but  are  no  better 
in  any  respect  except  color.  Dark  vaniishes  may  be  just  as  good 
(except  in  color)  as  pale  ones — in  fact  may  be  better,  for  the  dark 
resins  are  often  harder  and  better  than  the  pale  ones  of  the  same  sort. 
The  hard  and  quick-drjHng  varnishes  are  suitable  for  furniture;  the 
medium,  for  interior  house-varnishes;  the  slow  and  clastic,  for  exposure 
to  the  weather. 

Varnishing.  The  wood  should  be  dry.  For  this  reason  it  is 
better,  if  necessary  to  clean  it,  to  avoid  washing  as  much  as  possible, 
using  sandpaper  instead,  which  will  also  make  it  smootli.  Of  course 
the  carpenter  is  supposed  fo  do  this,  but  the  painter  must  not  neglect 
it  on  that  account.  When  in  proper  condition,  it  first  receives,  if  it  is  an 
open-grain  wood,  a  coat  of  paste  filler.  I'he  o[>en-grained  woods  in 
most  common  use  are  oak,  chestnut,  and  ash.  The  woods  chussed  as 
close-grain  woods  are  white  pine,  maple,  birch,  yellow  pine,  white- 
wood,  cherry,  and  sycamore.  These  latter  do  not  need  filling.  If 
filler  is  used,  it  should  be  well  rubbed  in  with  a  short,  stiff  brush ;  and 
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when  it  has  set,  say  in  fifteen  to  thirty  minutes,  it  is  rubbed  oiT  with  a 
handful  of  excelsior,  rubbing  across  the  grain,  and  rubbing  hard,  so  as 
to  force  the  filler  well  into  the  pores  of  the  wood.  Then  it  should 
stand  24  to  48  hours. 

When  purchased,  a  paste  filler  is  too  thick  to  be  used  with  a  brush, 
and  must  be  thinned  with  turpentine  or  benzine;  at  tlie  same  time  it 
may  be  stained  to  any  desired  color  with  an  oil  or  varnish  stain.  These 
stains  can  be  purchased  of  any  desired  color.  If  a  close-grained  wood 
is  under  treatment,  the  first  thing  is  to  apply  a  stain  if  it  is  desired  to 
stain  the  wood ;  but  it  is  common  practice  to  finish  in  the  natural  color. 
Stains  usually  require  a  good  deal  of  thinning  before  using;  the  amount 
of  thinning  will  determine  the  depth  of  color.  Water  or  acid  stains 
are  frequently  used,  but  as  they  tend  to  raise  the  grain  of  the  wood, 
the  surfaces  should  be  slightly  sandpapered  before  the  finish  isappHed. 

In  cleaning  off  the  filler,  be  careful  to  clean  out  comers  and  mould- 
ings with  properly  shaped  hardwood  sticks;  do  not  use  any  steel  tool. 

Where  rooms  are  to  be  finished  in  the  natural  color  of  the  wood, 
it  is  nevertheless  a  common  practice  to  stain  the  window-sashes;  a 
cheny  or  light  mahogany  stain  is  often  used.  Fillers  are  sometimes 
used  on  close-grain  woods;  but  this  is  not  advisable,  as  they  tend  to 
prevent  the  varnish  from  gettinga  good  hold  on  the  wood. 

Next  comes  the  varnishing.  Window-sills,  jambs,  inside  blinds, 
and  other  surfaces  exposed  to  the  direct  rays  of  the  sun,  are  to  be 
treated  as  exterior  woodwork,  and  are  not  varnished  with  the  ordinary 
interior  varnish  used  on  the  rest  of  the  work.  The  floors  also  are  left 
out  of  account  for  the  present.  The  rest  of  the  woodwork  receives  its 
first  coat  of  varnish ;  apply  it,  as  much  as  possible,  with  the  grain  of  the 
wood,  brushing  it  out  well  in  a  thin  coat.  The  varnish  ought  to  dry 
dust  free  (i.e.,  so  that  dust  will  not  stick  to  it)  over  night;  but  at  least 
five  days  should  elapse  between  coats.  When  dry,  it  should  be  rubbed 
with  curled  hair  or  excelsior  enough  to  remove  the  gloss,  so  that  the  next 
coat  of  varnish  will  adhere  properly ;  a  lietter  result  will  be  had  if  it  is 
lightly  sandpapered  with  00  pfiper.  The  second  coat  is  treated  like 
the  first.  The  third  is  not  sandpapered,  but  rubbed  with  curled  hair; 
the  fourth  or  finishing  coat  may  be  left  with  the  natural  gloss,  or,  if  pre- 
ferred, it  may  be  rubbed  with  fine  pumice  and  water  to  a  smooth, dull 
surface.  For  this  purpose  the  varnish  dealers  sell  felt,  about  an  inch 
thick,  which  is  well  wet  in  clean  water;  a  little  dry  pumtce  powder  is 
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put  on  it;  and  the  rubbing  is  done  with  this.  The  varnish  must  be 
quite  hard  and  dry  before  this  is  attempted.  Varnishing,  if  properly 
done,  is  slow  work;  that  is,  much  time  must  be  allowed  for  each 
coat  to  dry  thoroughly. 

The  varnish  which  is  used  on  interior  woodwork  should  not  diy 
too  quickly;  it  should  dry  enough  over  night  so  that  dust  will  not  stick 
to  it,  and  in  twenty-four  hours  should  be  hard  enough  to  handle  freely; 
but  if  a  chair,  for  example,  were  varnished  with  it,  it  would  not  be 
entirely  safe  to  sit  on  it  for  a  week.  It  should,  however,  finally  become 
perfectly  free  from  tack,  which  it  will  not  do  if  it  is  a  rosin  varnish.  At 
present  prices  (and  it  b  not  probable  that  they  will  ever  be  lower)  var^ 
nishes  for  interior  woodwork  are  sold,  according  to  color  and  quality, 
at  prices  ranging  from  $2.50  to  $4.00  a  gallon.  It  is  in  the  highest 
degree  inadmissible  to  use  a  cheapvamish  forundercoats;  theouter  coats 
will  crack  if  this  is  done.  A  good  varnish  that  dries  too  quickly,  such 
&s  what  is  called  a  rvbbiruf  varnish,  or  one  intended  for  furniture,  has 
not  the  durability  needed  for  this  work.  It  is  economy  to  use  a  good 
varnish.  The  writer  has  in  mind  a  house  which  was  properly  var- 
nished eighteen  years  ago  and  lias  been  constantly  occupied  bya  lai^ 
family,  yet  the  varnish  is  still  in  fair  condition ;  if  it  were  lightly  sand- 
papered and  one  new  coat  applied,  it  would  be  like  new — as  good  as 
it  is  possible  for  a  surface  to  be.  Cheap  rosin  varnishes  never  look 
well,  even  when  new,  never  keep  clean,  and  deteriorate  rapidly. 

Shellac,  Interiors  are  sometimes  finished  with  shellac.  Tills 
varnish  is  not  used  on  exteriorwork, but  it  isagood  varnish  for  inter- 
iors. All  varnishes  containing  oil  darken  the  color  of  wood ;  but  white 
shellac  is  comparatively  free  from  this  objection;  at  any  rate  it  does  it 
less  than  anything  else.  Orange  shellac  is  a  dark  varnisli,  and  even 
white  -shellac  darkens  with  age  to  an  appreciable  degree.  Orange 
shellac  is  more  durable  than  white,  and  should  be  used  wherever 
admissible,  rather  than  white;  but  it  is  usually  necessary  to  use  white 
shellac  for  this  service.  If  shellac  is  made  up  as  heavy  as  has  l>een 
described — five  poun<ls  to  a  gallon  of  alcohol,  and  this  is  the  standanl 
-it  should  be  thinne<l  considerably  with  alcohol  before  using  on  inte- 
rior woodwork.  It  must  be  applied  in  thin  coats,  and  given  plenty  of 
time  to  dry.  It  is  very  deceptive  about  this;  it  appears  to  be  dry  and 
hard  in  an  hour,  an<l  it  is  hani  enough  to  handle  freely;  but  if  we  apply 
coat  after  coat,  even  six  hours  apart,  we  shall  find  that  the  wood  is 
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finally  covered  with  a  waxy  mess  which  will  be  the  source  of  nothing 
but  trouble.  The  first  coat  sinks  rapidly  into  the  wood;  a  second  coat 
may  be  applied  six  hours  later;  but  after  that,  allow  two  days  at  least 
between  coats.  Shellac  makes  a  very  thin  coat;  so  it  is  necessary  to 
apply  a  large  number  of  coats,  at  least  twice  as  many  as  of  oleo- 
resinous  varnishes,  to  get  a  sufficient  thickness  of  coating,  Bec8u.se 
of  this  labor,  shellac  is  an  expensive  finish;  but  it  is  handsome  Pnd 
durable.  The  treatment  of  it,  as  regards  rubbing,  etc.,  is  the  same 
as  has  been  described  for  other  varnish. 

Varnish  makers  usually  advise  that  shellac  should  never  be  used 
as  a  priming  coat  for  other  varnish;  this  is  probably  because  they  wish 
to  sell  more  of  their  own  goods,  for  shellac  is  really  an  excellent  first 
coat,  except  for  exterior  work,  where  it  should  not  be  used.  Of  course, 
wood  should  be  filled  before  shellacking,  the  same  as  for  other  varnish. 
Varnish  does  not,  however,  wear  well  over  a  heavily  shellacked  sur- 
face. Shellac  makes  a  good  floor  varnish,  discoloring  the  wood  very 
little,  and  wearing  fairly  well.  After  the  floor  has  been  well  varnished 
with  it,  very  thin  coats,  applied  rather  frequently — say  every  one  to 
four  months,  according  to  use^will  keep  the  floor  in  fine  condition; 
and  after  applying  one  of  the.se  thin  coats  (of  thinned  shellac),  it  will 
be  dry  enough  to  use  in  an  hour.  This  can  be  applied  with  a  very 
wide,  flat  brush,  and  a  man  can  go  over  the  floor  of  an  ordinary  room 
in  a  few  minutes.  Shellac  brushes  should  be  washed  out  with  alcohol 
imme<liately  after  using. 

Exterior  Varnishing.  Varnishes  dry  much  more  rapidly  out  of 
doors  than  within,  so  that  it  is  practicable  to  use  more  elastic  and  dur- 
able materials.  The  conditions,  in  fact,  are  so  severe  that  the  best 
are  not  good  enough.  In  the  first  place,  do  not  use  any  filler  on 
exterior  work;  it  will  probably  crumble  and  come  out.  Ho  not  use 
shellac;  as  an  undercoat  exposed  to  the  hot  sun,  it  will  soften  and 
blister.  Use  only  the  best  spar  varnish,  such  as  is  made  for  varnish- 
ing the  spars  of  yachts;  fill  the  woo<I  with  it;  sandpaper  lightly 
between  coats,  just  enough  so  that  each  succeeding  coat  will  take 
hold  well;  finish  with  a  coat  well  flowed  on;  and  leave  it  with  its 
natural  gloss,  which  is  more  lasting  than  a  rubbed  surface.  This  is 
the  treatment  for  hand-rails,  outside  doors,  inside  blinds,  window- 
sills  and  jambs,  and  everything  expose*!  to  the  direct  sun.  Hand- 
rails and  outside  doors  should  be  refinished  every  year;  vamish  will 
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not  last  on  an  outside  door  more  than  onc-twentietli  as  long  as  it  will 
on  an  iiisitle  door.     Never  use  interior  varnish  for  outside  work. 

ENAMEL  PAINTS 

Varnishes  arc  all  more  or  less  brownish  yellow  or  yellowish  brown. 
Therefore  a  coat  of  varnish  applied  over  a  paint  obscures  and  changes 
its  color  to  some  extent.  To  overcome  this  as  much  as  possible,  the 
varnish,  instead  of  oil,  is  mixed  with  the  pigment,  as  a  vehicle.  In 
this  way  the  pigment  comes  to  the  surface  and  displays  its  color. 
These  paints,  if  made  with  good  varnish,  are  durable;  the  method  of 
application  has  already  been  described.  If  necessary  to  thin  them, 
do  it  with  spar  vaniish  instead  of  oil;  a  good  interior  varnish  may  be 
used,  but  it  injures  the  flowing  quality  of  the  paint  somewhat. 

White  lead  and  zinc  are  sometimes  mixed  with  damar  varnish. 
This  makes  the  whitest  enamel  paint,  but  it  never  gets  very  hard, 
never  has  much  luster,  and  is  not  very  durable.  It  is  very  white,  is 
easily  applied,  and  dries  quickly. 

A  NEW  VARNISH  FINISH 

A  method  of  finishing  open-grained  interior  woodwork,  which  has 
been  practiceil  for  a  few  years,  consists  in  first  staining  the  woo<l  with  a 
water-stain^ — dyeing  it,  usually — and  then,  when  it  is  dry,  filling  the 
pores  of  the  wood  with  a  paste  filler  which  has  been  colored  by  the 
ad<lition  of  a  pigment.  For  ojtamplc,  the  wood  may  receive  a  stain 
of  any  dark  color,  and  the  woo<l-fillcr  be  mixed  with  white  lead.  This 
shows  the  open  or  {x>n)iis  jMrt  of  the  grain  in  white  on  a  dark  l>ack- 
ground.  By  using  arti.stic  combinations  of  color  in  the  stain  and  filler, 
very  l>eautiful  effects  can  be  produced,  and  this  finish  has  been  used  in 
some  of  the  most  handsome  and  costly  public  and  private  buildings. 
Thus,  if  a  room  is  to  Iw  decorated  in  green,  the  woodwork  can  be  made 
to  harmonize  with  the  prevailing  color.  An  oil  stain  must  not  be  used 
on  the  wood,  as  it  will  not  work  well  with  the  filler.  The  colored  filler 
is  applied  and  nibbed  off  in  the  same  way  that  any  paste  filler  is  used, 
and  then  the  varnish  is  applied  over  it  in  the  usual  way. 

FLOOR   FINISHING 
Tlie  primary  trouble  with  floors  is  that  people  walk  on  them.    If 
they  did  nr>t,  there  woukl  be  no  trouble  at  all.   Four  coats  of  varnish, 
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or  even  paint,  having  an  ag{;rogat€  thickness  of  less  than  one  one- 
hundretlth  of  an  inch,  will  not  last  indefinitely  under  the  wear  of  nail- 
shod  heels. 

Probably  the  simplest  treatment  for  floors  is  painting  them.  The 
paint  should  contain  a  large  proportion  of  a  hard  oleo-resinous 
varnish;  an  ordinary  oil  paint  is  not  hard  enough.  If  an  oil  paint  is 
used,  it  must  l>e  heavily  charged  with  drjer,  for  a  floor  paint  should 
dry  in  twelve  hours.  Good  quick-drying  floor  paints  are  in  the 
market. 

Floors  of  choice  wood,  however,  are  not  usually  painted ;  they  may 
be  either  varnished  or  waxed.  If  they  are  of  oak  or  other  opcn-gniined 
wood,  they  must  be  filled  with  a  paste  filler;  otherwise  the  varnish  is 
applied  directly  to  the  wootl.  Ploor  varnish  is  quicker  in  drying,  and 
harder  than  interior  finishing  varnish,  but  should  not  be  so  hani  as  to 
be  brittle;  rubbing  varnish  is  too  hard.  If  the  floor  is  to  be  stained, 
this  is  done  with  an  oil  stain  l>cforc  varnishing;  if  it  is  a  floor  which 
has  previously  been  varnished,  so  that  the  stain  will  nol  penetrate  the 
wood,  the  stain  may  l)e  mixed  with  the  varnish,  although  the  effect  is 
not  then  so  good. 

Floor  vax  \s  not  made  of  beeswax,  but  of  a  harder  vegetable  wax, 
and  is  sold  by  all  paint  dealers.  The  floor  should  receive  one  coat  of 
shellac;  then  the  floor  wax  may  be  rubbed  on  with  a  stiff  brush,  and 
when  it  is  dry,  which  will  be  in  a  few  hours,  it  may  be  polished  by 
rubbing  with  a  clean  cloth  or  with  a  heavy,  weighted  floor  brush  made 
for  the  purpose.  It  should  receive  another  coat  every  week  until  four 
or  six  coats  have  been  apphcd;  after  this  a  little  of  the  floor  wax, 
thinned  if  necessary  with  turpentine,  should  l>e  applied  often  enough 
to  keep  the  floor  looking  well.  Alkalies  dissolve  the  wax,  and  in 
cleaning  the  floor  only  a  little  soap  should  be  used  in  the  water  with 
which  the  floor  is  washed.  A  wax  finish  kept  polishe<l  with  a  polishing 
brush,  is  the  handsomest  surface  than  can  l>e  obtaine<l  for  a  floor;  but 
it  is  so  slippery  that  it  is  somewhat  dangerous.  It  does  not  discolor 
the  wo(xl.  Interior  trim  (but  not  hand-rails)  is  sometimes  wax- 
finished.  This  finish  retiuires  a  good  <leal  of  care,  as  it  is  likely  to 
catch  dust;  otherwi.se  it  is  handsome  and  durable. 

Old  floors  which  refpiire  cleaning  and  revamishing  should  have 
the  old  varnish  or  paint  removed  by  a  good  ramish-remover,  one  of  the 
modem  sort,  free  from  alkali.    This  Is  painted  over  the  surface,  and. 


Digitized  by  VwjOOQIC 


22  PAINTING 

after  a  short  time,  removed  with  a  scraper.  The  last  of  the  varnish- 
remover  is  taken  out  with  a  rag  wet  with  turpentine  or  benzine,  care 
being  taken  that  there  is  no  fire  of  any  sort  in  the  room  or  any  neighbor- 
ing room.  This  will  not  only  take  off  the  old  varnish,  but  the  old  filler 
also;  and  the  floor  must  be  treated  like  a  new  floor.  Any  stains  on  the 
floor  may  be  treated  with  a  hot  solution  of  oxalic  acid,  one  part  to  ten 
of  water;  when  the  stains  disappear,  wash  well  with  clear  water;  let 
the  floor  dry  a  day;  sandpaper;  and  it  is  ready  for  varnishing  again. 
This  treatment — removal  of  old  paint  or  varnish  by  a  liquid  varnish- 
remover — is  applicable  to  all  varnished  or  painted  work.  The  outside 
of  a  house  could  have  the  old  paint  taken  off  in  this  way,  but  burning 
off  is  cheaper  and  quicker.  The.se  varnish-removers  are  mixtures  of 
benzole,  acetone,  alcohol,  and  other  liquids,  and  the  tiest  of  them  are 
patented. 

ALUMINUM  AND  BRONZE  PAINTS 

Radiators  and  pipes  are  often  painted  with  aluminum  or  bronze 
paints.  These  consist  of  metallic  powders,  in  fine  flakes,  mixed  with 
some  varnish — usually  with  a  pyroxylin  varnish,  which  is  a  thin  solu- 
tion of  a  variety  of  gun-cotton  in  a  suitable  solvent,  generally  acetate  of 
amyl.  If  one  of  these  paints — which  smell  somewhat  like  bananas — 
becomes  thickened  in  the  can  by  evaporation,  it  can  usually  be  thinne<l 
with  acetate  of  amyl,  if  some  of  the  special  thinner  cannot  be  had; 
bru-shcs  can  Iw  washni  out  in  the  -same.  A  gotx!  aluminum  paint  is 
durable,  even  expost^l  to  the  weather.  One  coat  is  usually  enough, 
two  certainly  so. 

GLAZING 

House  painters  are  usuahy  expecte<l  Ut  understand  the  art  of 
setting  winilow-{;lass;  it  is  not  ditficult  to  learn.  Glass  is  classified  as 
shcfi  or  cylinder  ijlass  and  plate  (jla^n.  Shi-et  {rf^ss  is  made,  at  the 
gla.ss  works,  liy  blowitif;  a  ([uanlity  of  gla.ss,  first,  into  a  hollow  glolie; 
then,  by  more  l)lowing  and  miinipulalioii,  this  is  stretched  out  into  a 
hollow  cyliniler  iK'rliaps  a  foot  in  diameter  ami  five  feet  long;  this 
cyhnder  (whence  the  name  "cylinder  glass")  is  cut  ojx-n,  and,  after 
reheating,  is  flattened  out  into  a  sheet,  whence  the  name  "sheet  glass;" 
after  annealing,  it  is  cut  up  into  convenient  sizes.     It  is  niade  of  two 
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thicknesses — single  thick,  which  is  about  one-sixteenth  of  an  inch; 
and  dovble  thick,  one-ei^th  of  an  inch;  but  it  does  not  run  perfectly 
uniform.  All  sheet  glass  contains  streaks,  bubbles,  and  specks  of 
dirt,  and  is  more  or  less  irregular  or  wavy  in  its  surface;  and  in  respect 
to  this  it  is  graded  as  first,  second,  and  third  quality;  in  American  gla^s 
these  grades  are  usually  marked  "AA,"  "A,"  and  "B;"  and  anything 
poorer  than  "B"  is  called  stock  sheets.  Foreign  glass  is  not  thus 
marked,  each  maker  having  his  own  arbitrary  marks.  Single-thick 
glass  is  used  for  sizes  not  greater  than  about  28  by  34  inches;  double- 
thick,  up  to  40  by  60,  For  larger  sizes,  plate  glass  only  is  used ;  but 
of  course  either  plate  or  double-thick  can  be  used  for  small  sizes,  if 
desired. 

Plate  glass  is  cast  in  plates;  the  liquid  glass  is  poured  out  on  an 
iron  table,  about  15  feet  wide  and  25  feet  long,  and  smoothed  down  to  a 
uniform  thickness  of  half  or  five-eighths  of  an  inch  by  passing  a  roller 
over  it,  like  rolling  pie-crust;  after  this  it  is  ground  down  with  sand, 
emery,  and  polishing  powder  to  a  quarter  or  five-sixteenths  of  an  inch 
in  thickness.  It  is  therefore  much  more  costly  than  sheet  glass,  but 
is  also  more  perfect. 

Crystal  is  a  very  thin  plate  glass,  about  one-eighth  of  an  inch  thick, 
and  is  used  where  ordinary  plate  is  too  heavy,  as  in  movable  sash.  It  is 
the  finest  of  all  window  glass.  There  are  two  grades  of  plate  glass, 
known  as  glazing  (for  windows)  and  silvering  {for  mirrors),  the  latter 
being  the  best.  In  the  first  place,  the  sash  is  prepared  for  the  glass. 
It  must  receive  a  priming  coat;  if  it  is  to  be  painted,  it  is  primed  with 
white  lead  and  boiled  linseed  oil,  the  mixture  having  very  little  or  no 
turpentine  added;  if  it  is  to  be  varnished,  it  is  primed  with  boiled  oil 
alone.  If  it  is  not  primed,  the  putty  will  not  stick;  the  wood  will  draw 
the  oil  out  of  the  putty  and  leave  it  crumbly.  Next,  the  glass  is  fitted 
to  the  sash.  It  is  cut  either  with  a  glass-cutter's  diamond  or  with  a 
wheel  cutter,  the  latter  l)eing  a  little  sharp-edged  steel  wheel  set  in  a 
handle.  If  well  made,  tlie  wheels  may  be  bought  separate  and  are 
replaceable.  The  wheel  cutters  are  generally  used  on  sheet  glass;  but 
plate  glass  is  cut  only  with  a  diamond,  which  makes  a  deeper  cut. 
The  wheels  are  kept  wet  with  kerosene;  the  workman  has  a  little  bottle 
or  cup  of  kerosene  on  the  bench,  and  dips  the  wheel  in  it. 

The  glass  being  cut  to  the  right  size,  a  layer  of  putty  is  spread, 
with  the  putty-knife,  along  the  recess  in  the  sash  where  the  ^ass  is  to 
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rest.  This  is  called  bedding  the  glass,  and  should  always  be  done. 
It  isnot  uncommonly  omitted  with  pinesash;but  it  absolutely  must  be 
done  with  all  hardwood  sash,  metal  or  metal-lined  sash,  and  for  all 
plate  and  crystal  glass;  and  it  ought  to  be  done  in  all  cases.  Then  the 
glass  is  gently  pressed  into  place,  after  which  it  is  fastened  with  glazier^ 
■points,  which  are  triangular  bits  of  metal.  No.  2  points  are  used  on 
single-thick,  and  No,  I,  which  are  lai^r,  are  used  on  double-thick 
glass;  they  are  put  in  9  to  12  inches  apart.  They  are  driven,  not  with 
a  hammer,  but  with  the  thin  side  of  a  two-inch  chisel,  the  flat  side  of 
which  lies  on  the  glass,  the  edge  of  the  chisel  away  from  the  surface 
so  as  to  avoid  scratching  it.  The  chisel  is  slso  useful  for  adjusting  the 
position  of  the  pane;  if  it  is  smaller  than  the  sash,  it  is  so  placed  that 
when  the  sash  is  in  its  natural  upright  position  the  pane  of  glass  will 
rest  with  its  lower  edge  bearing  on  the  woo<l.  The  points  are  com- 
monly of  zinc,  which  bends  easily;  and  when  the  pane  is  properly 
placed,  if  there  is  on  one  side  a  space  between  it  and  the  wood,  the 
chisel  is  held  over  this  crack,  and  with  Its  edge  an  indentation  or  crimp 
is  made  in  the  httle  triangular  zinc  point  which  has  already  been 
driven;  this  crimp  prevents  the  glass  from  sliding  back  against  the 
wood.  This  is  the  reason  zinc  is  used  for  the  points;  it  will  bend. 
Steel  points  are  some'imes  used  for  plate  glass,  because  of  their  greater 
strength,  the  glass  being  heavy.  To  drive  through  the  sheet  metal  of 
metal-covered  sash,  steel  slugs  are  used;  these  are  about  ^^  inch  thick, 
about  J  inch  long,  and  -j^  inch  wide  at  the  wide  end,  triangular,  and 
sharp-pointed. 

There  is  a  machine  for  driving  points,  but  it  is  not  much  used 
except  on  small  glass  .set  in  soft-wood  sJish. 

The  glass  being  pn»perly  secured  by  points,  it  is  rea<ly  for  putty- 
ing. To  do  this,  the  professionals  set  the  sash  up  in  a  nearly  vertical 
position  on  an  easel;  the  glass  is  pultied  on  the  right-hand  side  and 
across  the  Irottom;  then  the  sash  is  turned  the  other  edge  up,  and  the 
operation  is  repeated.     This  finishes  the  work. 

The  most  important  things  about  gliiziiig  arc  lo  use  a  sufficient 
number  of  i>oints  and  to  use  good  putty,  Oniinary  (pure)  putty  is 
ma<ic  of  whiting,  which  is  pulverized  cli:dk,  mixed  with  enough  linseed 
oil  to  give  it  the  aHisisleiice  of  stiff  dough,  'J'he  workman  can  make  it 
from  these  materials  with  his  haml.s;  everyone  can  make  his  own  putty. 
As  a  matter  of  fact,  however,  the  putty  of  conmierce  is  made  by  ma- 
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chinery;  and  also,  as  a  matter  of  fact,  it  is  in  general  abominably 
adulterated.  It  would  seem  as  though  whiting  and  linseed  oil  were 
materials  cheap  enough;  and  in  reality  putty  ean  be  sold  for  about 
three  cents  a  pound,  or  sixty  dollars  a  ton;  and  a  dollar's  worth  will 
putty  all  the  glass  in  an  ordinary  house.  Pure  putty,  however,  is 
almost  impossible  to  get.  Marble  dust  is  substituted  for  whiting, 
and  a  mixture  of  rosin  and  mineral  oils  for  the  oil,  and  the  cost  reduced 
about  half.  It  is  the  use  of  this  miserable  stuff  which  causes  nine- 
tenths  of  the  troubles  with  windows.  If  the  glazier  cannot  be  sure  of 
his  putty  otherwise,  be  should  make  it  himself. 

The  liest  putty  for  glazing  is  a  mixture  of  pure  whiting  putty  with 
one-tenth  white  lead  putty.  This  makes  it  set  a  little  more  quickly, 
and  it  becomes  harder.  Pure  white  lead  putty  gets  too  hard ;  it  is  too 
difficult  to  remove  it  in  case  of  breakage  of  glass. 

If  the  glass  has  not  been  bedded  in  putty,  it  is  customary  to  go 
around  the  indoors  side  of  the  glass,  and  crowd  some  putty  into  the 
crack  between  it  and  the  sash.  Thisiscalled  backing  the  g\as3.  Laige 
plates  of  plate  glass  are  not  puttied,  but  are  held  in  place  with  strips 
of  moulding  nailed  on  the  siish,  in  which  case  the  crack  between  the 
glass  and  the  moulding  is  backed  with  putty. 
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REVIEW  QUESTIONS 

ON  THt  SUBJECT  OF 

UNDERWRITERS'  REQUIREMENTS 


1.  Explain  briefly  the  electrical  causes  of  fires, 

2.  State  in  generaJ  terms  the  means  to  be  taken  in  every 
installation  to  guard  figainst  such  fires  being  started. 

3.  As  affecting  the  fire  hazard,  descrilje  the  essential  differ- 
ences between 

(a)  const  ant- current  systems  and  constant-potential  sys- 
tems; 

(b)  low-voltage  and  high-voltage  circuits. 

4.  What  is  the  National  Electrical  Code? 

5.  Into  what  main  subdivisions  are  its  rules  divided? 

6.  Describe  the  chief  desirable  characteristics  of  a  generating 
station  with  regard  to  the  fire  hazard. 

7.  In  judging  the  safety  of  an  installation  of  electric  motors, 
what  are  the  chief  items  to  be  considered? 

8.  Describe  a  motor-starting  rheostat. 

9.  What  is  an  autostarter? 

10.  What  is  the  object  of  a  continuous  duty  resistance? 

11.  What  are  transformers? 

12.  State  the  advantages  of  the  use  of  transformers  with 
regard  to  the  fire  hazard. 

13.  What  precautions  must  be  observed  in  installing  tranfi- 
formers? 

14.  Outline  the  standard  practice  for  outside  wiring. 
16.     What  is  electrolysis? 
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REVIEW  QUESTIONS 

ON  THE  aOBJECT  Of 

UNDERWRITERS'  REQUIREMENTS 


1.  What  is  open-work  wiring? 

2.  What  is  the  essential  principle  of  conduit  work? 

3.  What  are  the  advantages  and  disadvantages  of  concealed 
work? 

4.  Outline  the  chief  things  to  be  considered  in  electric  instal- 
lations when  subject  to  a  continual  dampness. 

5.  When  should  wood  molding  never  be  used? 

6.  What  are  the  chief  points  to  be  observed  in  wiring  a 
theater? 

7.  How  should  the  footlights  be  installed? 

8.  With  a  voltmeter  having  a  resistance  of  24,000  ohms  and 
a  battery  of  26  volts,  it  was  found  that  the  voltmeter  read  6  volts 
when  connected  in  series  with  the  battery  and  the  wiring  of  a  house. 
What  was  the  insulation  resistance  of  the  wiring? 

9.  Why  are  rubber- covered  wires  used  almost  exclusively  in 
all  inside  wiring? 

10.  What  is  a  "slow-burning"  wire? 

11.  Describe  a  "weatherproof"  wire. 

12.  Give  the  dimensions  of  a  cartridge  fuse  for  a  circuit  of  110 
volts,  20  amperes. 

13.  In  what  way  do  telephone  wires  in  a  iiom.'  affect  the  fire 
hazard  and  what  fire  precautions  should  be  taken? 

14.  What  is  a  snap  switch  and  what  is  its  distinguishing 
feature? 

15.  Describe  a  characteristic  conduit  installation  for  an 
apartment. 
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REVIEW  QUESTIONS 

ON  THE  SUBJECT  OF 

ELECTRIC  LIGHTING 


1.  State  the  current,  voltage,  candle-power,  and  efficiency  of 
the  incandescent  lamp  most  commonly  used. 

2.  What  do  you  understand  by  the  "smashing  point"? 

3.  Give  the  main  points  of  difference  between  the  three 
forms  of  arc  lamp  mechanism, 

4.  Mention  the  three  principal  parts  of  the  Nernst  lamp. 

5.  Describe  with  sketch  the  anti-parallel  system  of  feeding. 

6.  Prove  the  law  that  illumination  varies  inversely  with  the 
square  of  the  distance. 

7.  Why  is  are  light  photometry  a  more  difficult  problem 
than  incandescent? 

8.  Calculate  the  illumination  three  feet  above  the  floor  at 
the  center  of  a  room  18  feet  square  and  12  feet  high,  lighted  by 
four  10-candle-power  lamps  9  feet  above  the  floor  at  the  center  of 
the  side  walls,  assuming  the  coefficient  of  reflection  to  be  50%. 

9.  What  material  ia  used  for  the  filament  of  incandescent 
lamps?     Explain  why, 

10.  From  the  curve  given  in  Fig.  4,  determine  the  efficiency 
which  corresponds  to  the  temperature  of  1300°  centigrade, 

11.  What  is  the  object  of  double  carbons  in  an  arc  lamp? 

12.  What  is  meant  by  mean  spherical  candle-power? 

13.  What  is  the  function  of  the  heater  in  the  Nemst  lamp? 

14.  Describe  the  Bunsen  photometer. 

15.  How  does  the  lighting  of  public  halls  differ  from  that  of 
residences? 

16.  Why  cannot  platinum  wire  be  used  for  the  filament  of 
incandescent  lamps? 
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ON  THE  EUBJECr  07 

SHEET  METAL  WORK 


1,  What  care  must  be  taken  when  notching  tin  plate  for  flat 
seam  roofing?     State  the  reasons  why. 

2,  What  care  must  be  taken  when  the  sheets  are  painted  on 
the  underside? 

3,  In  putting  in  flashing  why  is  a  base  and  counter  flashing 
preferable  to  a  full  flashing? 

4,  What  is  the  object  in  using  cleats  in  roofing? 

5,  When  are  valley  sheets  employed? 

6,  How  is  a  water-tight  joint  obtained  between  stone  and 
metal? 

7,  What  style  soldering  coppers  are  ust'd  for  roofing,  and 
why  is  the  small  groove  filed  on  its  lower  side? 

8,  What  style  soldering  coppers  are  used  for  upright  solder- 
ing, and  how  are  they  tinned  ready  for  soldering? 

9,  What  is  liable  to  occur  when  a  roof  is  painted  and  the 
rosin  has  not  been  scraped  off? 

10.  What  is  liable  to  happen  when  galvanized  iron  and  copper 
are  joined  together? 

11.  How  ean  the  disturbance  between  the  two  metals  be  pre- 
vented? 

12.  Describe  the  laying  of  a  valley  in  a  corrugated  iron  roof. 

13.  What  is  used  to  make  tight  joints  in  roofing,  where  no 
solder  is  employed? 

14.  When  a  corrugated  iron  roof  is  laid  on  sheathing,  how  is  it 
fastened? 

15.  When  the  same  roof  is  laid  on  iron  framing,  how  is  it 
fastened? 

10,     How  are  the  ]>ip  ridges  fastened  and  maih'  tight  over  cor- 
rugated iron  rDofins? 

17.  Whiit  is  known  by  a  side  wall  Hashing  in  a  corrugated  iron 
roof? 

18.  How  is  this  side  wall  flashiii'i  made  water-tight? 

19.  What  is  known  as  an  end  wall  liushiug,  and  how  is  this 
flashed? 
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REVIEW  QUESTIONS 


ON  THK  SraJECT  OF 


PLASTERING 


1.  Describe  the  proper  method  of  spacing,  nailing,  and  join- 
ing wood  lath. 

2.  Of  what  materials  is  mortar  composed?  What  are  the 
requirements  of  each  to  insure  good  results? 

3.  Compare  the  relative  advantages  of  metal  and  wood 
_  lathing  for  both  interior  and  exterior  plastering. 

4.  How  are  estimates  for  lathing  and  plastering  made? 

r,.  What  precautions  are  absolutely  necessary  in  the  placing 
of  metal  lath  ? 

G.  If  wood  lathing  is  used  on  exterior  work,  how  should  it  be 
laid? 

7.  When,  if  ever,  is  wire  lath  preferable  to  expanded  metal? 

8.  Describe  in  detail  the  process  of  slaking  the  lime  and 
mixing  the  mortar  for  ordinary  interior  plaster  work  in  dwelling- 
houses.     What  precautions  are  to  be  observed? 

9.  Should  mortar  be  used  as  soon  as  mixed?  Discuss  this 
question  in  all  its  bearings. 

10.  How  would  you  mix  the  mortar  for  exterior  work? 

11.  H  lime  i.s  not  thoroughly  slaked,  what  trouble  is  likely  to 
develop? 

12.  What  will  be  the  effect  of  using  too  much  lime  in  mixing 
mortar?     Too  much  sand? 

13.  What  are  the  essentials  for  durable  exterior  plastering? 

14.  Discuss  the  relative  advantages  of  three-coat  and  two- 
coat  work.     In  what  kind  of  work  arc  three  coats  always  necessary? 

lo.  In  interior  work,  what  precautions  must  be  observed  in 
laying  the  successive  coats  of  plaster?     In  exterior  work? 
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ON  THE  SUBJECT  Oif 

PAINTING 


1.  What  is  the  difference  between  raw  and  boiled  oil?  When 
is  one  preferable  to  the  other? 

2.  What  would  you  consider  a  good  brush  outfit  for  pmnting 
and  varnishing  the  interior  woodwork  and  exterior  finish  of  a  mod- 
cm  frame  dwelling? 

3.  How  would  you  make  your  own  putty  if  you  could  not 
buy  a  satisfactory  grade? 

4.  Describe  the  principal  ingredients  used  as  pigments.  As 
vehicles. 

5.  What  are  thinnersf     Dryerst    FiUers? 

6.  How  are  painters'  brushes  kept  in  good  condition? 

7.  How  are  paints  adulterated? 

8.  Descrilie  the  process  of  mixing  the  successive  coats  of 
paint  for  ordinary  interior  (not  floor)  and  exterior  woodwork. 

0.  Describe  the  process  of  preparing  the  woodwork  and 
applying  the  successive  coats  of  paint  in  ordinary  interior  (not 
floor)  and  exterior  work. 

10.  What  points  require  particular  attention  in  the  repainting 
of  an  old  job? 

11.  Describe  the  process  of  painting  a  plastered  wall. 

12.  Describe  the  material  and  methods  of  work  in  roof 
painting. 

13.  What  is  enamel  paint?  How  would  you  do  a  job  of 
enameling  the  woodwork,  say,  in  a  bathroom? 

14.  Describe  in  detail  the  process  of  painting  structural  metal. 
I.),     How  are  varnishes  classified? 

16.  Describe  the  method  of  preparing  and  applying  shellac 
varnish. 
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Adulterants 
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Amyl  acetate  lamp 

Arc  lamps 

Arc  lamps,  comporiaon  of 

Arc  light  photometry 

flicker  photometry 

iUuminometer 
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Ballast 

Bell-rii^ing  transformers 

Black  plastering 
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grounding  of 

Conduit  fittings  1 

Conduit  work  1 

Corrugated  iron  roofing  338,  3 

Corrugated  iron  siding  3 

Current  systems  (constant) 

Cut-outs  1 

knife  switches  1 

snap  switches  1 

D 

Damar  4: 
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